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EXPANDABLE CONNECTOR 
Backgrouad of the InventioD 
This invention relates generally to wellbore casings, and in particular to 
wellbore casinga that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a niunber of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled in intervals whereby a 
casing which is to be instaUed in a lower bordbole interval is lowered through a 
previously installed casing of an upper borehole interval. As a consequence of 
10 this procedure the casing of the lower interval is of smaller diameter than the 
casing of the upper interval. Thus, the casings are in a nested arrangement with 
casing diameters decreasing in downward direction. Cement annuli are 

provided between the outer surfaces of the casings and the borehole wall to seal 
the casings from the borehole walL As a consequence of this nested 
15 arrangement a rdatively large borehole diametv is required at the upp^ part 
of the wellbore. Such a large borehole dian^ster involves increased costs due to 
heavy cssing handling equipment, large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased drilling rig time is involved 
due to required cement punqiing, cement hardening, reqiured equipment 

20 changes due to large variations in hole diametm drilled in the course of the 
well, and the large volume of cuttings drilled and removed. 

Conventionally, at the surfSoce eaid of the wellbore, a wellhead is formed 
that tyiucally includes a surface casing, a number of production and/or drilling 
spools, vahdng, and a Christmas tree. Typical^ the wellhead ftirther includes a 

25 concentric arrangement of casings including a production casing and one or 
more intermediate casings. The casings are typicaUy supported using load 
bearing shps positioned above the ground. The conventional design and 
construction of wellheads is expensive and compleac. 

Convmtionally, a wellbore casing cannot be formed during the drilling of 

30 awdlbore. Typically/ the wellbore is driUed and th«i a wellbore casing is 
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formed in tiie newly drilled section of the wellbore. This delays the completion 
of a well. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming wellbores and wdlheads. 
5 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a 
mandrel in the borehole, ii^ecting ftuidic material into the borehole, and 
radially expanding the liner in the borehole by extruding the liner off of the 
10 mandreL 

According to another aspect of the present invention, a method of 
forming a wellbore casing is provided that indudes drilling out a new section of 
the borehole acyaoent to the already griatiy^g casing. A tubular liner and a 
mandrel are then placed into the new section of the borehole with the tubiilar 

15 liner overlapping an already existing casing. A hardoiable fluidic sealing 
material is injected into an annular region between the tubular liner and the 
new section of the borehole. The annular region between the tubular liner and 
the new section of the borehole is then fluidicfy isolated from an interior region 
of the tubular liner below the mandrel. A non hardenable fluidic TH^ te riq l is 

20 then injected into the interior region of the tubular liner below the mandrel. 
The tubular liner is extruded ofif of the mandrd. The overlap between the 
tubular linv and the alrea4jr existing casing is sealed. The tubular liner is 
supported Iqr overlap with the afareadly existing casing: The mandrel is removed 
from the borehde. The integrity of the seal of the overlap between the tubular 

25 Iinerandtheabrea4yexiatingca8ingiste8ted. At least a portion of the sm 
quantity of the hardenable fluidic sealing matoial is removed from the interior 
of the tubular liner. The remaining portions of the fluidic hard»able fluidic 
sealing matmal are cured. At least a portion of cured fluidic hardenable sealing 
material within the tubular im&r is removed. 

30 According to another aspect of the present invention, an apparatus for 

expanding a tubular member is provided that indudes a support member, a 
mandrel, a tubular member, and a shoe. The support member indudes a first 
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fluid passage. The mandrel is coupled to the support member and includes a 
second fluid passage- The tubiilar member is coupled to the mandrel. The shoe 
is coupled to the tubular liner and includes a third fluid passage. The first, 
second and third fluid passages are operably coupled. 
5 According to another aspect of the present invention, an apparatus for 

expanding a tubular member is provided that includes a support member, an 
expandable mandrel, a tubidar member, a shoe, and at least one sealing 
member. The support member includes a first fluid passage, a second fluid 
passage, and a flow control valve cou|ded to the first and second fluid passages. 

10 The expandable mandrel is coupled to the support member and includes a third 
fluid passage. The tubular member is coupled to the mandrel and includes one 
or more sealing elements. The shoe is coupled to the tubular member and 
includes a fourth fluid i>assage. The at least one sealing member is adapted to 
prevent the entry of foreign material into an interior region of the tubular 

15 member. 

According to another aspect of the present invention, a method of joining 
a second tubidar member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer Hinfngtgr of the second tubular 
member, is provided that includes positioning a mandrel within an intmor 
20 region of the second tubular member. A portion of an interior region of the 
second tubular member is pressurized and the second tubidar member is 
extruded off of the mandrel into engagement with the first t^iKulyT member. 

According to another aspect of the present invention, a tubular linw is 
provided that includes an annular member having one or more sealing members 
25 at an end portion of the annniaT member, and one or more pressure relief 
passages at an end portion of the Anni^lnr member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an anniilgr bo4y of a cured fluidic 
sealing material. The tubular Unex is fonned by the process of extruding the 
30 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing wellbore casing is |ni>vided that includes a tubular liner and 
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an annular body of cured fluidic sealing material. The tubular liner is formed 
by the process of extruding the tubular Uhct off of a mandrel. The annular 
body of a cured fluidic sealing material is conpled to thlB tubular liner. 

According to another aspect of the present invention, an apparatus for 
5 expanding a tubular member is provided that indudea a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first 
fluid pasaage. The mandrel is coupled to the support member. The mandrel 
includes a second fluid passage operably coupled to the first fluid passage, an 
interior portion, and an exterior portion. The interior portion of the mandrel is 

10 drillable. The tubular mranber is coupled to the mandrel. The shoe is coupled 
to the tubular member. The shoe includes a third fluid pasaage operably 
coupled to the second fluid passage, an intmor portion, and an exterior portion. 
The intmor portion of the shoe is drillable. 

According to another aspect of the present invention, a wellhead is 

15 provided that indudes an outer casing and a plurality of concentric inner 
casings coupled to the outer casing. Each inner casing is supported by contact 
pressure between an outer surface of the inner casing and an inner surface of 
the outer casing. 

According to another aspect of the present invention, a wellhead is 
20 provided that iodude an outer casing at least partially positioned within a 
wellbore and a plurality of subatantially concentric inner casings coupled to the 
interiorsurfaceof the outer casing. One or more of the inner casings are 
coupled to the outer casing by expanding one or more of the inner casings into 
contact with at least a portion of the intoior surface of the outer casing. 
25 According to another aspect of the present invention, a method of 

forming a wellhead 18 provided that indudes drilling a wellbore. An outer 
casing is positioned at least partially within an upper portion of the wellbore. A 
first tubular member is positioned within the outer casing. At least a portion of 
the first tubular member is expanded into contact with an interior aurfiaoe of 
30 the outer casing. A second tubular member is positioned within the outer 
casing and the first tubular member. At least a portion of the second tubular 
member is expanded into contact with an interior portion of the outer casing. 
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According to another aspect of the present invention, an apparatus is 
provided that includes an outer tubular member, and a plurality of 
substantially concentric and overlapping inner tubular members coupled to the 
outer tubular member. Each inner tubular m^nber is supported by contact 
5 pressure between an outer surface of the inner casing and an inner surface of 
the outer inner tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes an outer tubular member, and a plurality of 
substantially concentric inner tubular members coupled to ttie interior surface 
10 of the outer tubular member by the process of expanding one or more of the 
inner tubular members into contact with at least a portion of the interior 
surface of the outer tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member, and a second tubular member 
15 coupled to the first tubular member in an overlapping relationship. The inner 
diameter of the first tubular member is substantially equal to the inner 
diameter of the second tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular m^nber induding at least one thin wall section 
20 and a thick waU section, and a compressible annular member coupled to each 
thin wall section. 

According to «nothw aspect of the present invention, a method of 
creating a casing in a borehole located in a subterranean formation is provided 
that includes supporting a tubular liner and a mandrel in the borehole using a 
25 support monber. A fluidic material is injected into the borehole. An interior 
region of the mandrel is pressurized. A portion of the mandrel is displaced 
relative to the support member. The tubular lin^ is expanded. 

According to anotho* aspect of the present invmtion, a wellbore casing is 
provided that indudes a first tubular member having a first inside diameter, 
30 and a second tubular member having a second inside diameter substantially 
equal to the first inside diameter coupled to the first tubular member in an 
overlapping relationship. The first and second tubular members are coupled by 
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the process of deforming a portion of the second tubular member into contact 
with a portion of the first tubular member 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member 
5 including a fluid passage, a mandrel movably coupled to the support member 
induding an expansion cone, at least one pressure chamber defined by and 
positioned between the support member and mandrd fluididy coupled to the 
first fluid passage, and one or more releasable suf^rts coupled to the support 
member adiyted to support the tubular member. 

10 According to another aspect of the present invention, an apparatus is 

provided that includes one or more solid tubular manbers» each solid tubular 
member including one or more external seals, one or more slotted tubular 
members coupled to the solid tubular members, and a shoe coupled to one of the 
slotted tubular members. 

15 According to anothar aspect of the present invention, a method of joining 

a second tubidar member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member is provided that includes positioning a mandrel within an interior 
r^on of the second tubular member. A portion of the interior region of the 

20 mandrel is preasurized. The mandrd is displaced relative to the second tubular 
member. At least a portion of the second tubular monber is extruded off of the 
mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that indudee one or more primary solid tubulars, each primary solid 

25 tubular including one or more external anniiloir seals, n slotted tubulars coupled 
to the primaiy solid tubulars, n*l intermediate solid tubulars coupled to and 
interleaved among the slotted tubulars, each intermediate solid tubular 
including one or more external annular seals, and a shoe coupled to one of the 
slotted tubulars. 

30 According to another aspect of the present invention, a method of 

isolating a first subterranean zone firom a second subterranean zone in a 
wellbore is provided that includes positioning one or more primary solid 
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tubulars within the wellbore, the primary solid tubuiars traversing the first 
subterranean zone. One or more slotted tubulars are also positioned within the 
wellbore, the slotted tubulars traversing the second subterranean zone. The 
slotted tubulars and the solid tubulars are fluididy coupled The passage of 
5 fluids from the first subterranean zone to the second subterranean zone within 
the wellbore external to the solid and slotted tubulars is prevented. 

According to another aspect of the present invention, a method of 
extracting materials from a producing subterranean zone in a wellbore, at least 
a portion of the wellbore including a casing, is provided that includes 

10 positioning one or more primary solid tubulars within the wellbore. The 
primary solid tubulars with the casing are fluididy coupled. One or more 
slotted tubulars are positioned within the wellbore, the slotted tubulars 
traversing the producing subterranean zone. The slotted tubulars are fluidicty 
coupled with the solid tubulars. The producing subterranean zone is fluididy 

15 isolated from at least one other subterranean zone within the wellbore. At least 
one of the slotted tubulars is fluidic^ isolated fit>m the producing subterranean 
zone. 

According to another aspect of the present invention, a method of 
creating a casing in a borehole while also drilling the borehole is also provided 

20 that indudesinstallinff a tubular liner, a mandrel, andadrimnga^^ 
the borehole. A fluidic material is injected within the tubular liner, mandrd 
and drilling assaoobly. At least a portion of the tubular liner is radially 
expanded while the bordiole is drilled using the drilling assemb^. In a 
preferred embodiment, the ii^ecting indudes iiyecting the fluidic material 

25 within an expandable chamber. 

According to another aspect of the present invention, an apparatus is 
also provided that indudes a support member, the support member induding a 
first fluid passage; a mandrd coupled to the sumxyrt member, the mandrd 
induding: a second fluid passage; a tubular member coupled to the mandrd; 

30 and a shoe coupled to the tubular liner, the shoe induding a third fluid passage; 
and a drilling assembfy coupled to the shoe; wherein the first, second and third 
fluid passages and the drilling assembly are operably coupled 
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According to another aspect of the present invention, a method of 
forming an underground pipeline within an undergroimd tunnel including at 
least a first tubular member and a second tubular menlber, the first tubular 
member having an inner diameter greater than an outer diameter of the second 
5 tubular member, is also provided that includes positioning the first tubular 
member within the tuzmel; positioning the second tubular member within the 
tunnel in an overliq)ping relationship with the first tubular member; 
positioning a mandrel and a drilling assembly within an interior r^on of the 
second tubular member; iiyecting a fluidic material within the mandrel, drilling 

10 assembly and the second tubular member, extruding at least a portion of the 
second tubular member ofif of the mandrel into engagement with the first 
tubular member; and drilling the tunnel. 

According to another aspect of the present invention, an apparatus is 
also provided that includes a wellbore, the wellbore formed by the process of 

15 drilling the v^bore; and a tubular liner positioned within the wellbore, the 
tubular liner formed by the process of extruding the tubular liner ofl* of a 
mandrel v^rhile drilling the wellbore* In a preferred embodiment, the tubular 
liner is formed by the process of: placing the tubular liner and mandrel within 
the wellbore; and pressurizing an intoior portion of the tubular liner. 

20 According to another aspect of the presmt invention, a method of 

forming a wellbore casing in a wdlbore is also provided that includes drilling 
out the wellbore while forming the weUbore casing. 

According, to another aspect of the present invention, a method of 
expanding a tubular member is provided that indudes placing a mandrd within 

25 the tubular member, pressurizing an annular region within the tubular 
member, and displacing the mandrel with respect to the tubular member. 

According to another aspect of the present inv^tion, a method of 
coupling a tubular membo* to preexisting structure is provided that includes 
positioning the tubular member in an overlapping relationship to the 

30 preexisting structure, placing a mandrel within the tubular member, 

pressurizing an A npulay region within the tubular member, and displacing tiie 
mandrel with respect to the tubular member. 
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According to another aspect of the present invention, a method of 
repairing a defect in a preeadsting atructmre using a tubular menober is provided 
that includes positioning the tubular member in an overlapping relationship to 
the defect in the preexisting structure, pladng a mandrel within the tubular 
5 member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, an apparatus for 
radially expanding a tubtilar member is provided that includes a first tubiilar 
member, a second tubular member positioned within the first tubular member, 

10 a third tubular member movably coupled to and positioned within the second 
tubular member, a first annular sealing member for sealing an interface 
between the first and second tubidar members, a second annular sealing 
member for sealing an interface between the second and third tubular 
members, and a mandrel positioned within the first tubular member and 

15 coupled to an end of the third tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that indudes a tubular member, a piston adapted to expand the 
diametOT of the tubular member positioned within the tubular member, and an 
annular chamber defined by the piston and tubular member. The piston 

20 includes a passage for conveying fluids out of the tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that indudes a first tubular member and a second tubular member 
coupled to the first tubular member. The second tubular member is coupled to 
the first tubular member by the process of: positioning the second tubular 

25 member in an overlapping relationship to the first tubular mecnber, placing a 
mandrel within the second tubular member, pressurizing an annular region 
within the second tubular member, and ^^np^aHng the mandrel with respect to 
the second tubular mraiber. 

According to another aspect of the present inv^tion, an apparatus is 

30 provided that indudes a preexisting structure and a tubular member coupled to 
the preexisting structure. Hie tubular memb« is coupled to the preexisting 
structure by the process of: positioning the tubular memb» in an overlapping 
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relationship to the preexisting structure, placing a mandrel within the tubular 
member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubular mexhber. 

According to another aspect of the present invention, an fl4>paratu3 is 
5 provided that includes a preexisting structure having a defective portion and a 
tubular member coupled to the defective portion of the preexisting structure. 
The tubular member is coupled to the defective portion of the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
relationship to the defect in the preexisting structure, placing a mandrel within 
10 the tubular member, pressurizing an nnnnlar region within the tubular 
member, and displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, a method of 
expanding a tubular member is provided that indudes placing a mandrel wiUiin 
the tubular member, pressurizing a region within the tubular member; and 
15 displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, a method of 
coupling a tubular member to preexisting structure has been provided that 
includes positioning the tubular member in an overls4>ping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 
20 pressurizing an interior region within the tubular meinber, and displacing the 
mandrel with respect to the tubular mmiber. 

According to another aspect of the preset invoition, a method of 
repairing a defect in a preexisting structure using a tubular membw is provided 
that includes positioning the tubular member in an overlapping r e la t io n ship to 
25 the defect in the praezisting structure, placing a mandrd within the tub 
membs, pressurizing an interior region within the tubular member, and 
displacing the mandrel with respect to the tubular m«nber. 

According to another aspect of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubtilar 
30 member, a second tubular member coupled to the first tubular memb«, a third 
tubular member coupled to the second tubular monber, and a mandrel 
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positioned within the second tubular member and coupled to an end portion of 
the third tubular m^nber. 

According to another aspect of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the 
5 diameter of the tubular member praitioned within the tubular member, the 
piston including a passage for conveying fluids out of the tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member and a second tubular member 
coupled to the first tubular member. The second tubidar member is coupled to 

10 the first tubular member the process of: positioning the second tubiilar 
member in an overlapping relationship to the first tubular member, placing a 
mandrel within the second tubular member, pressmnzing an interior region 
within the second tubular member, and displacing the mandrel with respect to 
the second tubular member. 

15 According to another aspect of the present invention, an apparatus is 

provided that includes a preexisting structure and a tubular member couided to 
the preexisting structure. The tubular member is coupled to the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
relationship to the preexisting structure; placing a mandrel within the tubular 

20 member; pressurizing an interior region within the tubular member; and 
displacing the mandrel with respect to the tubular member. 

According to another aspect of the present inv^tion, an apparatus \s 
provided that includes a preexisting structure having a defective portion and a 
tubular member coupled to the defective portion of the preexisting structure. 

25 The tubular member is coupled to the defective portion of the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
relationship to the defect in the preexisting structure, placing a mandrel within 
the tubular memba, pressurizing an interior region within the tubular 
member, and displacing the mandrel with respect to the tubular member. 

30 According to another aspect of the invention, an apparatus is provided 

that includes a first tubular member, a second tubular membar, and a threaded 
connection for coupling the first tubular member to the second tubular 
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member. The threaded connection includes one or more sealing members for 
sealing the interface between the first and second tubiilar membos. 

According to another aspect of the present invention, an apparatus is 
provided that includes a tubular assembfy having a first tubular member, a 
5 second tubidar member, and a threaded connection for coupling the first 
tubular member to the second tubular member. The threaded connection 
includes one or more sealing members for sealing the interface between the first 
and second tubular members. The tubular assembly is formed by the process of 
radiaUy expanding the tubular assembly. 
10 According to another aspect of the fOBsent invoition, an apparatus is 

provided that includes a tubular member and a mandrd positioned within the 
tubular member that includes a conical surface have an angle of attack ranging 
from about 10 to 30 degrees. 

Brief Description of the Drawings 
15 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a 

new section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of 
an embodimentof an ^paratus for creating a casing within the new section of 
the well borehole. 

20 FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 

first quantity of a fluidic material into the new section of the well borehole. 
FIG. da is another fragmentary cross-sectional view illustrating the 

im'ection <tf a first quantity of a hardenable fluidic sealing material into the new 

section of the wdl bcmhole. 
25 FIG. 4 is afragmentaiy cross-sectional view iUuBtrating the injection of a 

second quantity of a fluidic material into the new section of the well borehole. 
FIG. 5 is a bBgoasntary cross-sectional view illustrating the drilling out 

of a portion of the cured hardenable fluidic sealing material from the new 

section of the well borehole. 
30 FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 

between a^jacoit t?ubular members. 
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FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment 
of the apparatus for creating a. casing within a well borehole. 

PIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
eacpanded tubular member within another tubular member. 
5 FIG« 9 is a cross-sectional illustration of a preferred embodiment of an 

apparatus for forming a casing including a driUable mandrel and shoe. 

FIG. 9a is another crossHsectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is anoUier cross-sectional illustration of the apparatus of FIG. 9. 
10 FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an eaqpandable tubular member. 

FIG, 10c is a cross-sectional illustration of the pumping of a fluidic 
15 sealing material into the annular region between the tubular member and the 
existing casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the 
interior of the tubular member below the mandrel. 

FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 
20 member off of the mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back liner before 
drilling out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-bade liner 
created using an expandable tubular membo*. 
25 FIG. 11a is a fragmentary cross-sectional view illustrating the drilling of 

a new section of a well borehole. 

FIG. lib is a fragmentary cros&€ectional view illustrating the placement 
of an embodiment of an apparatus for hanging a tubular liner wittiin the new 
section of the well borehole. 
30 FIG. 11c is a fi^agmentary cross-sectional view illustrating the injection of 

a first quantity of a hardenable fluidic sealing material into the new section of 
the well borehole. 
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FIG, lid is a fragmentary cross-sectional view illustrating the 
introduction of a wiper dart into the new section of the well borehole. 

FIG. lie is a firagmentary cross-sectional view illustratmg the iiyection of 
a second quantity of a hardenable fluidic sealing material into the new section 
5 of the well borehole. 

FIG. llf is a fragmentary cross-aectional view illustrating the completion 
of the tubular liner. 

FIG. 12 is a cross-sectional iUustration of a preferred embodiment of a 
wellhead system utilizing expandable tubular members. 
10 PIG. IS 18 a partial cross-sectional iUustntion of a preferred embodiment 

of the wellhead system of FIG. 12. 

FIG. 14a is an illustration of the formation of an embodiment of a mono- 
diameter wellbore casing. 

FIG. 14b is another illustration of the formation of the mono-diameter 
15 wellbore casing. 

FIG. 14c is another illustration of the formation of the mono-diameter 
wellbore casing. 

FIG. 14d is another illustration of the formation of the mono-diameter 
welbore casing. 

20 FIG. 14e is another illustration of the formation of the mono-diameter 

welbore casing. 

FIG. 14f is another illustration of the formation of the mono-diametar 
welbore casing. 

HG. 15 is an iUustration of an embodiment of an apparatus for 
25 expanding a tubular member. 

FIG. 15a 18 another illustraticm of the apparatus of FIG. 15. 
FIG. 15b ia another illustration of the apparatus of FIG. 15. 
FIG. 16 is an iUustration of an embodiment of an apparatus for forming a 
mono-diameter weUbore casing. 
30 FIG. 17 ia an iUustration of an embodiment of an apparatus for 

expanding a tubular member. 

FIG. 17a is another illustration of the apparatus of FIG. 16. 
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FIG. 17b is another illustration of the apparatus of FIG. 16. 
PIG. 18 is an iUustration of an embodiment of an i^paratus for forming a 
mono-diameter weUbore casing. 

FIG. 19 is an iUustration of another embodiment of an apparatus for 
5 expanding a tubular member. 

FIG. 19a is another illustration of the apparatus of FIG. 17. 
FIG. 19b is another iUustration of the apparatus of FIG. 17. 
FIG. 20 is an iUustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. 
10 FIG. 21 is an iUiistration of the isolation of subterranean zones using 

expandable tubulars. 

FIG. 22a is a fragmentary cross-sectional iUustration of an embodiment 
of an apparatus for forming a wellbore casing whUe drilling a welbore. 
FIG. 22b is another fragmentaiy crossHsectional iUustration of the 
15 apparatus of FIG. 22a. 

FIG. 22c is another fragmentary cross-sedional iUustration of the 
apparatus of FIG. 22a. 

FIG. 22d is another fragmentaiy crosa-sectaonal iUustration of the 
apparatus of FIG. 22a. 
20 FIG. 23a is a fi^igmoitazy cross-section iUustration of an embodiment of 

an apparatus and method for expanding tubular members. 

FIG. 23b ia another fragmentaiy cross-sectional iUustration of the 
apparatus of FIG. 23a. 

FIG. 2Sc is another frtigmentaiy cross-sectional iUustration of the 
25 apparatus of FIG. 23a. 

FIG. 24a is a fr^igmentaiy cross-section iUustration of an embodiment of 
an apparatus and method for expanding tubular members. 

FIG. 24b is another fragmentaiy cross-sectional Ulustration of the 
apparatus of FIG. 24a. 
30 FIG. 24c is another fragmentaiy cross-sectional iUustration of the 

apparatus of FIG. 24a.^ 
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FIG. 24d is another .fragmentary cross-sectional illustration of the 
apparatus of FIG. 24^ 

FIG. 24e is another fragmentary cross-sectional illuBtration of the 
apparatus of FIG. 24a. 

5 FIG* 25 is a partial cross-sectional illustration of an expansion mandrel 

expanding a tubular member. 

FIG. 26 is a graphical illustration of the relationdiip between 
propagation pressure and the angle of attack of the expansion mandxd. 
FIG. 27 is a cross-sectional illustration of an embodiment of an 
10 expandable connector. 

FIG. 28 is a cross-sectional illustration of another embodiment of an 
expandable connector. 

FIG, 29 is a cross-sectional illustration of another embodiment of an 
expandable connector. 

15 FIG. 30 is a cross-sectional illustration of another embodiment of an 

expandable connector. 

Detailed Description of the Illustrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. Hie apparatus and method permits a 

20 wellbore casing to be formed in a subterranean formation by placing a tubular 
member and a mandrel in a new section of a wellbore^ and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member, The apparatus and method fiuiiier permits a4jaoent tubular 
memben in the weUbon to be joined using an overlapping joint that prevents 

25 fluid and or gas passage. The apparatus and method ftirthCTpCTiits a new 
tubular m^nber to be supported by an existing tubular member by expanding 
the new tubular membor into engagement with the existing tubular member. 
The apparatus and method further minimizes the reduction in the hole size of 
the wellbore casing necessitated by the addition of new sections of wellbore 

30 casing. 

An apparatus and method for forming a tie-back liner using an 
expandable tubular member is also provided. The i^paratus and method 
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permits a tie-back liner to be created by extruding a tubular member off of a 
mandrel by pressurizing and interior portion of the tubidar member. In this 
manner, a tie-back liner is produced The apparatus and method further 
permits adjacent tubular members in the wellbore to be joined using an 
5 overlapping joint that prevents fluid and/or gas passage. The apparatus and 
method further permits a new tubular member to be supported by an existing 
tubular member by expanding the new tubular member into engagement with 
the existing tubular member. 

An apparatus and method for expanding a tubular member is also 
10 provided that includes an expandable tubular member, mandrel and a shoe. In 
a preferred embodiment, the interior portions of the iq)paratus is composed of 
materials that permit the interior portions to be removed using a conventional 
drilling apparatus. In this manner, in the event of a malfunction in a downhole 
region, the apparatus may be easily removed. 
15 An apparatus and method for hanging an expandable tubular Uner in a 

wellbore is also provided. The apparatus and method permit a tubular liner to 
be attached to an existing section of casing. The apparatus and method further 
have application to the joining of tubular members in generaL 

An apparatus and method for fonning a wellhead q^tem is also provided. 
20 The apparatus and method permit a wdlhead to be formed including a number 
of oqMtndable tubular members positioned in a concentric arrangement The 
wdlhead preferably includes an outer casing that supports a plurality of 
concentric casings using contact pressure between the inner casings and the 
outer casing. The resulting wellhead system pliminnt^ many of the spools 
25 conventional^ required, reduces the hei^t of the Christmaa tree facilitating 
servicing, lomm the load bearing areas of the wellhead resulting in a more 
stable system, and etiminates cost^ and expensive hanger systems. 

An apparatus and method for forming a mono-diamrter wdl casing is 
also provided. The apparatus and method permit the creation of a well casing 
30 in a weUbore having a substantially constant internal diameter. In this 
manner, the operation of an oil or gas well is greatty simplified. 

- 17. 

SUBSTITUTE SHEET (RULE 26) 



wo 00^7431 



PCT/ILOO/00245 



An apparatus and method for expanding tubular members is also 
provided The apparatus and method utilize a piston-cylinder configuration in 
which a pressurized chamber is used to drive a mandrel to radially expand 
tubular members. In this manner, higher operating pressures can be utilized. 
5 Throughout the radial expansion process, the tubular mexnb^ is nevw placed 
in direct contact with the operating pressures. In this manner, damage to the 
tubular member is prevented while also permitting controlled radial expansion 
of the tubular member in a- wellbore* 

An apparatus and method for forming a mono-diameter wdlbore casing 

10 is also provided. The apparatus and method utilize a piston*^linder 

configuration in which a pressurized chamber is used to drive a mandrel to 
radially expand tubular members. In this manner, higher operating pressures 
can be utilized. Throughput the radial expansion process, the tubular member 
isnever placed in direct contact with the operating pressures. In this manner, 

15 damage to the tubular member is prevented while also permitting controlled 
radial expansion of the tubular member in a wellbore. 

An apparatus and method for isolating one or more subterranean zones 
from one or more other subtemmean zones is also provided. The apparatus 
and method permits a producing zone to be isolated from a nonprodudng zone 

20 using a combination of solid and slotted tubulars. In the production mode, the 
teachings of the present disclosure may be used in combination with 
conventional, well known, production completion equipment and methods using 
a series of packers, solid tubing, perforated tubing, and sliding sleeves, which 
will be inserted into the disdoeed apparatus to permit the commingling and/or 

25 isolation of the subterranean zones from eadioth«. 

An apparatus and method for forming a wdlbore casing while the 
wellbore is drilled is also provided. In this manner, a wellbore casing can be 
formed simultaneous with the drilling out of a new section of the wellbore. In a 
preferred embodiment, the apparatus and method is used in combination with 

30 one or more of the apparatus and methods disclosed in the presoit disclosure 
for forming wellbore casings using expandable tubulars. Altemativeiy, the 
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method and q>paratus can be used to create a pipeline or tunnel in a time 
efficient mann^. 

An expandable connector is also provided. Inapreferred 
implementation^ the expandable connector is used in conjunction with one or 
5 moreof the disclosed embodiments for expanding tubular members. In this 
manner, the expansion of a plurality of tubular members coupled to one 
another using the expandable connector is optimized. 

In several alternative embodiments, the apparatus and methods are used 
to form or repair wellbore casings, pipelines, and/or structural supports. 
10 Referring initially to Figs. 1^, an embodiment of an apparatus and 

method for forming a wellbore casing within a subterranean formation will now 
be described. As iUustrated in Pig. 1, a weUbore 100 is positioned in a 
subterranean formation 105. The wellbore 100 includes an existing cased 
section 110 having a tubular casing 115 and an annular outer layer of cement 
15 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a wdl known manner to drill out material from the 
subterranean formation 105 to form a new section ISO. 

As illustrated in Fig. 2, ani4>paratus 200 for forming a wellbore casing in 
20 a subterranean formation is then positioned in the new section 130 of the 

wellbore 100. The i^paratua 200 preferably includes an expandable mandrel or 
pig 205. a tubular member 210, a shoe 215, a low« cup seal 220, an upper cup 
seal 225, a fluid passage 230, a fluid passage 236, a fluid passage 240, seals 245, 
and a support ni^nber 250. 
25 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferabfy adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified 
in accordance with the teachings of the present disclosure. Inapreferred 
30 embodiment, the expandable mandrel 205 comprises a hydraulic expansion tool 
as disclosed in U.a Patent No. 5,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of 
the present disclosure. 

The tubular member 210 is supported by the expandable mandrel 205. 
The tubular member 210 is expanded in the radial direction and extruded off of 
5 the expandable mandrel 205. The tubular member 210 may be fabricated from 
any niunber of conventional commercially available materials such as, for 
example, Oilfield Country Tubular Goods (OCTG), 13 chromium steel 
tubing/casing, or plastic tubing/basing. In a preferred embodiment, the tubular 
mraibff 210 is fabricated from OCTG in order to maziniize strength alter 

10 expansion. Theinnerandouterdiametersof the tubular member 210 may 
range, for example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the inner and outer diameters of the 
tubular member 210 range from about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide minimfil telescoping eflect in the most 

15 conunonly drilled wellbore sizes. The tubular member 210 preferably comprises 
a solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 
210 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 205 when it completes the extrusion of tubular member 210. In a 

20 preferred embodiment^ the length of the tubular member 210 is limited to 

minimize the possibility of buckling. For typical tubular member 210 materials, 
the length of the tubular member 210 is preferably limited to between about 40 
to 20,000 feet in length. 

The shoe 215 ia coufded to the expandable mandrd 205 and the tubular 

25 mmiber210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 
example. Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 

30 comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down plug available from Halliburton Energy Services in Dallas, TX, modified 
in accordance with the teachings of the present disclosure, in order to optimally 
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guide the tubular member 210 in the weilbore, optimally provide an adequate 
seal betwe^ the interior and exterior diameters of the overlapping joint 
between the tubular members, and to optimally allow the complete drill out of 
the shoe and plug after the completion of the cementing and expansion 
5 operations. 

In a preferred embodiment^ the shoe 215 includes one or more through 
and side outlet ports in fluidic communication with the fluid passage 240. In 
this manner, the shoe 215 optimally injects hardenable fluidic sealing material 
into the region outside the shoe 215 and tubular member 210. In a preferred 
10 embodiment^ the shoe 215 includes the fluid passage 240 having an inlet 

geomeizy that can receive a dart and/or a ball sealing member. In this manner, 
the fluid passage 240 can be optimally sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The lower cup seal 220 is coupled to and supported by the support 
15 member 250. The lower cup seal 220 prevents foreign materials from entering 
the interior region of the tubular member 210 adjacent to the expandable 
mandrel 205. The lower cup seal 220 may comprise any number of 
conventional conunerdally available cup seals such as, for example, TP cups, or 
Selective Injection Padcer (SIP) cups modified in accordance with the teachings 
20 of the pr^ent disclosure. In a preferred embodiment, the lower cup seal 220 
comprises a SIP cup seal, available from Halliburton Energy Services in Dallas, 
TX in order to optimAl^ block fortign material and contain a body of lubricant 

The upper cup seal 225 is coupled to and supported by the support 
member 250. The upper cup seal 225 prevents foreign matoials from mtering 
25 theinteriorregionof the tubular member 210. The upper cup seal 225 may 
comprise any number of conventional oommerciaUy available cup seals such as, 
for example, TP cups or SIP cups modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the upper cup seal 225 
comprises a SIP cup, available from Halliburton Energy Services in Dallas, TX 
30 in order to optimally block the entry of foreign tnntoriAlft and contain a body of 
lubricant. 
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The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of tiie tubiilar member 210 below the expandable 
mandrel 205. The fluid passage 230 is coupled to and positioned within the 
support memb^ 250 and the expandable mandrel 205. The fluid passage 230 
5 preferab^ extends from a position aciQacent to the surface to the bottom of the 
expandable mandrel 205. The fluid passage 230 is preferably positioned along a 
centerline of the apparatus 200. 

The fluid passage 230 is preferab^^ selected, in the casing running mode 
of operation, to transport materials such as drilling mud or formation fluids at 
10 flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in arda to minimize drag on the tubular member being run and to 
minimize surge pressures exerted on the wellbore which could cause a loss of 
wellbore fluids and lead to hole collapse. 

The fluid passage 235 permits fluidic materials to be released fit>m the 
15 fluid passage 230. In this manner, during placement of the apparatus 200 
within the new section 130 of the wellbore 100, fluidic materials 255 forced up 
the fluid passage 230 can be released into the wellbore 100 above the tubular 
member 210 thereby minimiTing surge pressures on the veellbore section 130. 
The fluid passage 235 is coupled to and positioned within the support monber 
20 250. The fluid passage is further fluidic^ coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for condroUably 
opening and dosing the fluid passage 235. In a preferred embodiment, the 
control valve is pressure activated in order to oontroUably minimize surge 
pressures. The fluid passage 235 is preferably poaitfened substantiaQy 
25 orthogonal to the centerline of the i^yparatua 200. 

The fluid passage 236 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging bom about 0 to 3,000 gaUons/minute and 0 to 
9,000 psi in order to reduce the dragon the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimize surge pressures on the 
30 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tub\ilar member 210 and shoe 215. The fluid 
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passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication .with the interior region of the tubular member 210 below the 
expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 
5 240 to thereby block further passage of fluidic materials. In this manner, the 
interior region of the tubular member 210 below the expandable mandrel 206 
can be fluidicly isolated firom the region exterior to the tubular member 210. 
This permits the interior region of the tubular member 210 below the 
expandable mandrel 205 to be pressurized. The fluid passage 240 is preferably 
10 positioned substantially along the centertine of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement^ drilling mud or epoxiea at flow rates and pressures ranging from about 
0 to 3,000 gallona^ninute and 0 to 9,000 pai in order to optimally fiU the 
annular region between the tubular member 210 and the new section 130 of the 
15 wellbore 100 with fluidic materials. In a preferred embodiment^ the fluid 
passage 240 includes an inlet geometiy that can receive a dart and/or a ball 
sealing member. In this manner, the fluid passage 240 can be sealed off by 
introducing a plug, dart and/or ball sealing elements into the fluid passage 230. 
The seals 245 are ooiqiled to and supported by an end portion 260 of the 
20 tubular member 210. The seals 245 are further positiokied on an outer surface 
265 of the end portion 260 of the tubular member 210. The seals 245 permit 
the overlapping joint between the end portion 270 of the casing 115 and the 
portion 260 of the tubular member 210 to be fluididy sealed. The seals 245 
may oonqirise any number of conventional commercially available seals such as, 
25 for example, lead, rubber. Teflon, or epoi^ seals modified in accordance with 
the tftnrhingB of the present disclosure. In a preferred embodiment, the seals 
245 are molded from Stratalock epojy available from Halliburton Energy 
Services in DaUas, TX in order to optimal^ provide a load bearing interference 
fit between the md 260 of the tubular memba 210 and the end 270 of the 
30 existing casing 115. 

In a prefOTed ^nbodiment, the seab 245 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 
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210 from the existing casing 115. In a preferred embodiment, the frictional 
force optimally provided by the seals 245 ranges from about 1»000 to 1,000,000 
Ibf in order to optimally support the expanded tubular member 210. 

The support member 250 is coupled to the expandable mandrel 205, 
5 tubular member 210, shoe 215, and seals 220 and 225. The support member 
250 preferably comprises an annular member having sufficient strength to 
cany the apparafcoa 200 into the new section 130 of the wellbore 100. In a 
preferred embodiment, the-support member 250 further includes one or more 
conventional centralizers (not illustrated) to help stabilize the apparatus 200. 
10 In a prefioTed embodiment, the support member 250 comprises coiled tubing. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In this manner, the extrusion of the tubular member 210 
offoftheequmdable mandrel 205 is facilitated. The lubricant 275 may 

IS comprise any number of conventional commercially available lubricants such 
as, for example, Lubriplate, chlorine based lubricants, oil based lubricants or 
Climax 1500 Antiaieze (3100). In a preferred embodiment, the lubricant 275 
comprises Climax 1500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide optimum 

20 lubrication to faciliate the expansion process. 

In a preferred embodiment, the support member 250 is thoroughly 
cleaned prior to assembly to the remaining portions of the apparatus 200. In 
this manner, the introduction of foreign material into the apparatus 200 is 
minimized Thisnunimizes the poesibiUtpy of foreign material clogging the 

25 various flow passages and valves of the apparatus 200. 

In a prtferred embodimmt, before or after positioning the apparatus 200 
within the new section ISO of the wellbore 100, a couple of wellbore volumes are 
circulated in order to oisure that no fordgn materials are located within the 
wdlbore 100 that might clog up the various flow passages and valves of the 

30 apparatus 200 and to ensure that no foreign material interferes with the 
expansion process.. 
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As illustrated in Fig. 3, the Huid passage 235 is then closed and a 
hardenable auidic sealing material 305 is then pumped from a surface location 
into the fluid passage 230. The material 305 then passes from the fluid passage 
230 into the interior region 310 of the tubular member 210 below the 
5 expandable mandrel 205. The material 305 then passes from the interior region 
310 into the fluid passage 240. The material 305 then exits the apparatus 200 
and fills the annular region 315 between the exterior of the tubular member 
210 and the interior wall of the new section 130 of the wellbore 100. Continued 
pumping of the material 305 causes the material 305 to fill up at least a portion 
10 of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 
pressures and flow rates ranging, for example, firom about 0 to 5000 psi and 0 to 
1,500 gallons/min, respectively. The optimum flow rate and operating 
pressures vary as a function of the casing and wellbore sizes, wellbore section 
15 length, available pumping equipment, and fluid properties of the fluidic 
material bdng pumped. The optimum flow rate and operating pressure are 
preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardmable fluidic sealing materials such 
20 as, for example, slag mix, cement or epoi^. In a preferired embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section bdng drilled from Halliburton Energy 
Services in DaUaa, TX in order to provide optimal support for tubular member 
210 while also maintaining optimum flow characteristics so as to minimize 
25 difiSculties during the displacement of cement in the annular region 315. The 
optimum blend of the blraded cement is pr^erably determined using 
conventional empirical me^oda. 

The annular r^on 315 preferably is filled with the material 305 in 
sufficient quantities to ensure that, upon radial expansion of the tubular 
30 member 210, the annular region 315 of the new section 130 of the wellbore 100 
will be filled with material 305. 
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In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in 
the region adjacent to the mandrel 205 in order optimaUy permit placement of 
the apparatus 200 in positions in the wellbore with tight clearances. 
5 Furthermore, in this manner, the initiation of the radial expansion of the 
tubular member 210 during the extrusion pnicess is optimaUy facilitated. 

As iUustrated in Pig. 4, once the annular region 315 has been adequately 
filled with material 305, a plug 405, or other similar device, is introduced into 
the fluid passage 240 thereby fluididly isolating the interior region 310 from the 
10 annuUir region 315. In a preferred embodiment, a non-hanienable fluidic 
material 306 is then pumped into the interior region 310 causing the interior 
region to pressurize. In this manner, the interior of the expanded tubular 
membv 210 will not contain significant amounts of cured matoial 305. This 
reduces and simplifies the cost of the entire process. Alternatively, the matmal 
15 306 may be used during this phase of the process. Once the interior region 
310 becomes sufficiently pressurized, the tubular member 210 is extruded off of 
the expandable mandrel 206. During the extrusion process, the expandable 
mandrel 205 may be raised out of the expanded portion of the tubular member 
210. In a {referred embodiment, during the extrusion process, the mandrel 205 
20 is raised at approximately the same rate as the tubular member 210 is expanded 
in order to keep the tubular member 210 stationaxy relative to the new wellbore 
section 130. In an alternative prefezred embodiment, the extrusion process is 
commenced with the tubular member 210 positioned above the bottom of the 
new wellbore section 130, keeping the mandrel 205 stationaxy. and aUowing the 
25 tubular member 210 to extrude off of the mandrel 205 and fall down the new 
wellbore section 130 under the force of gravity. 

The plug 405 is preferab^ placed into the fluid passage 240 by 
introducing the plug 405 into the fluid passage 230 at a surface location in a 
conventional manner. The plug 405 preferably acta to fhiidicly isolate the 
30 hardenable fluidic sealing material 306 from the non hardenable fluidic 
material 306. 
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The plug 405 may comprise any nimiber of coaventional oommerdaliy 
available deyioes from plugging a fluid passage such as, for example. Multiple 
Stage Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper 
latch-down plug modified in accordance with the teachings of the preseat 
5 disclosure. In a preferred embodiment, the plug 40S comprises a MSG latch- 
down plug available from Halliburton Energy Services in Dallas, TX. 

After plao^ent of the plug 405 in the fluid passage 240, a non 
hardenable fluidic matorial 306 is prefoab^ pumped into the interior region 
310 at pressures and flow rates ranging, for example, from approximately 400 to 

10 10,000 psi and 30 to 4,000 gallons/min. In this manner, the amount of 
hardenable fluidic sealing material within the interior 310 of the tubular 
member 210 is minimized. In a prefioTed embodiment, after placement of the 
plug 405 in the fluid passage 240, the non hardenable material 306 is preferably 
pumped into the intmor region 310 at pressures and flow rates ranging from 

15 approximately 500 to 9,000 psi and 40 to 3,000 gallona/min in order to 
maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will dq«id upon the geometry of the 

20 expansion mandrel 205, the material composition of the tubular member 210 
and expansion mandrel 205, the inner diameter of the tubular member 210, the 
wall thickness of the tubular member 210, the type of lubricant, and the yield 
strength of the tubular mewber 210. In general, the thicker the wall thickness, 
the smaller the inner diameter, and the greater the yield stmgth of the tubular 

25 member 210, thm the greater the operating pressures required to extrude the 
tubular member 210 off of the mandrd 205. 

For typical tubular members 210, the extrusion of the tubular member 
210 off of the expandable mandrel will begin when the pressure of the interior 
region 310 reaches, for example, approximately 500 to 9,000 pei. 

30 During the extrusion process, the expandable mandrel 205 may be raised 

out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 5 fl/sea In a preCored embodiment, during Uie 
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extrusion process, the expaDdable mandrel 205 is raised out of . the expanded 
portion of the tubular member 210 atrates ranging firom about 0 to 2 fVsec in 
order to minimize the time required for the expansion process while also 
pCTziitting easy control of the expansion process. 
5 When the end portion 260 of the tubular member 210 is extruded oflF of 

the expandable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior-surface 410 of the end 
portion 270 of the casing 115 to form an fluid ti^t overlapping joint The 
contact pressure of the overlapping joint may range, for example, from 

10 approximately 50 to 20,000 psi. In a preferred embodiment, the contact 

pressure of the overlapping joint ranges from approximately 400 to 10,000 psi in 
order to provide optimum pressure to activate the animlay sealing members 245 
and optimally provide resistance to axial motion to aooonunodate typical tensile 
and compressive loads. 

15 The overlapping joint between the section 410 of the existing casing 115 

and the section 265 of the expanded tubular member 210 preferably provides a 
gaseous and fluidic seal. In a particularly preferred embodiment, the sealing 
members 245 optimally provide a fluidic and gaseous seal in the overlapping 
joint. 

20 In a preferred embodiment, the op^^ting pressure and flow rate of the 

non hardenable fluidic material 306 is controUably ramped down whra the 
expandable mandrel 205 reaches the end portion 260 of the tubular member 
210. In this manner, the sudden release of pressure caused by the complete 
eztniaion of the tubular member 210 off of the expandable mandrel 205 can be 

25 minimized In a preferred CTibodiment, the opiating pressure is reduced in a 
suhstantiaHy linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the mandrel 205 is within about 5 feet from 
completion of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the 

30 support m«nber 250 in order to absorb the shock caused by the sudden release 
of pressure. The shock absorber may comprise, for example, any conventional 
commercially available shock absorber adapted for use in wellbore operations. 
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Alternatively, or in combination, a mandrel catching structure is 
provided in the end portion 260 of the tubular member 210 in order to catch or 
at least decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
5 removed from the wellbore 100. In a preferred embodiment, either before or 
after the removal of the expandable mandrel 205, the integrity of the fluidic seal 
of the overlapping joint between the upper portion 260 of the tubular member 
210 and the lower portion 270 of the casing 115 is tested using conventional 
methods. 

10 If the fluidic seal of the overlapping joint between the upper portion 260 

of the tubular member 210 and the lower portion 270 of the casing 115 is 
satisfactory, then any uncured portion of the material 306 within the expanded 
tubular member 210 is then removed in a conventional manner such as, for 
example, circulating the uncured matoial out of the interior of the expanded 

15 tubular member 210. The mandrel 205 is then puUed out of the wellbore 
section 130 and a driU bit or miU is used in combination with a conventional 
drilling assembly 505 to driU out any hardened material 305 within the tubular 
member 210. The material 305 within the annular region 315 is then aUowed 
to cure. 

20 As iUustrated in F^. 5, preferably any remaining cured material 305 

within the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill staring 506. The resulting new 
section of easing 510 includes the expanded tubular member 210 and an outer 
annular l^yer 515 of cui«d material 305. The bottom portion of the apparatus 

25 200 comprising the shoe 215 and dart 405 mi^ then be removed by drilling out 
the shoe 215 and dart 405 using conventional drilling methods. 

In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tubular member 210 includes one or more scaling members 606 and one 
or more pressure relief holes 610. In this mannor, the overlying joint 

30 between the lower portion 270 of the casing 115 and the upper portion 260 of 
the tubular member 210 is pressure-tigfat and the pressure on the interior and 
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exterior surfaces of the tubular member 210 is equalized diiring the extrusion 
process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
5 tubular member 210. In an alternative preferred embodiment, the sealing 
members 60S are bonded or molded onto the outer surface 265 of the upper 
portion 260 of the tubular member 2X0. The pressure relief holes 610 are 
preferably positioned in the last few feet of the tubular member 210, The 
pressure relief holes reduce the operating presstures required to expand the 

10 upper portion 260 of the tubular mmnber 210. This reduction in required 
operating pressure in turn reduces the velocity of the mandrel 205 upon the 
. completion of the extrusion process. This reduction in velocity in turn 
minimizes the mechanical shock to the entire e^iparatus 200 upon the 
completion of the extrusion process. 

15 Referring now to Fig. 7, a particularly preferred embodiment of an 

apparatus 700 for forming a casing within a wellbore preferably includes an 
expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 
730, a flidd passage 735, a fluid passage 740, a support member 745, a body of 

20 lubricant 750, an overshot connection 755, another support member 760, and a 
stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 

25 controUably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modilBed in accordance with the tjmrhj^gn of the preaimt disclosure. 
In a preferred embodiment, the expandable mandrel 705 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat No. 5,348,095, the 

30 contents of which are incorporated hmin by reference, modified in accordance 
with the teachings.of the present disclosure. 
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The expandable mandrel container 710 is coupled to and supported by 
the support member 745. The etpandable mandrel container 710 is further 
coupled to the expandable mandrel 705. The expandable mandrel container 710 
may be constructed from any number of conventional commodally available 
5 materials such as. for example. Oilfield Country Tubular Goods, stainless steel, 
titanium or high strength steels. In a preferred embodiment, the expandable 
numdrel container 710 is fabricated from material having a greater strength 

than the material from wWch the tubular member 715 is febricated. In this 
manner, the container 710 can be fabricated from a tubular material having a 
10 thinner waU thickness than the tubular member 210. This permits the 

container 710 to pass through tight clearances thereby facilitating its placement 
within the wellbore. 

In a preferred embodiment, once the expansion process begins, and the 
thicker, lower strength material of the tubular member 715 is expanded, the 
15 outside diameter of the tubular member 715 is greater than the outside 
diameter of Uie container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 705 substantially as 
20 described above with reference to Pigs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example. OOfield Countiy 
Tubular Goods (OCTG). automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

In a preferred embodiment, the tubular member 715 has a substantiaUy 
25 annular cross-section. In a particularly preferred embodiment, the tubular 
member 716 has a substantially drcular annular croas-aection. 

The tubular member 715 preferably includes an upper section 806, an 
intermediate section 810. and a lower section 815. The upper section 805 of the 
tubular member 715 preferably is defined by the region beginning in the 
30 vicinity of the ma^ndrel container 710 and ending with the top section 820 of the 
tubular member 715. The intermediate section 810 of the tubular member 715 
is preferably defined by the region beginning in the vidnify of the top of the 
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mandrel container 710 and ending with the region in the vicinity of the mandrel 
705, The lower.section of the tubul^ member 715 is preferably defined by the 
region boning in the vicinity of the mandrel 705 and ending at the bottom 
825 of the tubular member 715. 
5 In a preferred embodiment, the wall thickness of the upper section 805 of 

the tubular member 715 is greata than the wall thicknesses of the 
intermediate and lower sections 810 and iB15 of the tubular member 715 in 
order to optimally f actliate the initiation of the extrusion process and optimally 
permit the apparatus 700 to positioned in locations in the wdlbore having 
10 tight dearaneee. 

The outer diameter and wall thickness of the upper section 805 of the 
tubular monber 715 may range» for example, from about 1.05 to 48 indies and 
1/8 to 2 inches, respectively. In a preferred embodiment, the outer diameter 
and wall thickness of the upper section 805 of the tubular memba 715 range 
15 from about 3.5 to 16 inches and 3/8 to 1.5 indies, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of 
the tubular member 716 may range, for example, frtim about 2.5 to 50 inches 
and 1/16 to 1.5 inches, respectively. In a preferred mbodiment, the outer 
diameter and wall thickness of the intermediate section 810 of the tubular 
20 member 715 range from about 3.5 to 19 inches and 178 to 1.25 inches, 
respectively. 

The outer diameter and waU thickness of the lower section 815 of the 
tubular monber 715 may range, for example, from about 2.5 to 50 inches and 
1/16 to 1^ indies, respectively. In a prefmed onbodiment, the outer 

25 diameter and wall thickness ofthe lower section 810 ofthe tubular monber 715 
range from about 3.5 to 19 indies and 1/8 to L25indiee, respectively. Ina 
particularly prtferred embodiment, the wall thidmesa of the lower section 815 
of the tubular member 715 is furthw increased to increase the strength of the 
shoe 720 when drillable materials sudi as, for example, aluminum are used. 

30 The tubular member 715 pr^erab|y comprises a solid tubular member. 

In a preferred embodimenti the end portion 820 of the tubtdar member 715 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 
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705 when it completes the extrusion of tubular member 716. In a preferred 
embodiment, the length of the tubular member 715 is limited to minimize the 
possibility of buckling. For typical tubular member 715 materials, the length of 
the tubular membo- 715 is preferably limited to betweoi about 40.to 20,000 
5 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 forther includes an inlet passage 830, and one or 
more jet ports 835. In a particularly preferred embodiment, the cross-sectional 
10 shape of the inlet passage 830 is adapted to receive a latch-down dart, or other 
sinular elements, for blocking the inlet passage 830. The interior of the shoe 
720 preferably includes a body of soUd material 840 for increasing the strength 
of the shoe 720. In a particularly preferred embodiment, the body of solid 
material 840 comprises aluminum. 
15 The shoe 720 may comprise any number of conventional commerdaUiy 

available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latdi down plug modi&d in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealmg sleeve for a iatch- 
20 down plug available from Halliburton Energy Services in Dallas, TX, modified 
in accordance with the teachings of the present disclosure, in order to optimize 
guiding the tubular member 715 in the weUbore, optimise the seal between the 
tubular member 716 and an existing weUbore casing, and to optimalbr fadliate 
the removal of the shoe 720 by drilling it out after completion of the extrusion 
25 process. 

The lower cup seal 725 is coupled to and supported by the support 
member 745. The lower cup seal 725 prevoits foreign materials from entering 
the interior region of the tubular monber 715 above the expandable mandrel 
705. The lower cup seal 725 may comprise any number of conventional 
30 commercially available cup seals such as, for example, TP cups or Selective 
Injection Packer (SIPjr cups modified in accordance with the teachings of the 
present disclosure. In a prefmed embodiment, the lower cup seal 725 
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comprises a SIP cup, available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a debtjs barrier and hold a bo^y of lubricant 
The upper cup seal 730 is coupled to and supported by the support 
member 760. The upper cup seal 730 prevents foreign materiab from entering 
6 the interior region of the tubular member 715. The upper cup seal 730 may 
comprise any number of conventional commercially available cup seals such as, 
for example, TP cups or Selective Im'ection Packer (SIP) cup modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the upper cup seal 730 comprises a SIP cnp available from 
10 HaUiburton Energy Services in Dallas. TX in order to optimally provide a debris 
barrier and contain a bo^jr of lubricant. 

The fluid passage 735 permits fluidic materiab to be transported to and 
from the interior region of the tubular member 715 below the expandable 
mandrel 705. The fluid passage 735 is fliiididy coupled to the fluid passage 740. 
15 The fluid passage 735 is preferabb^ coupled to and positioned within the support 
member 760, the support member 745, the mandrel container 710. and the 
expandable mandrel 705. The fluid passage 735 preferably extends from a 
position a4iacent to the surface to the bottom of the expandable mandrel 705. 
The fluid passage 736 is preferably positioned along a centerline of the 
20 apparatus 700. The fluid passage 735 is preferably selected to transport 
materials such as cement, drilling mud or epoziee at flow rates and pressures 
ranging fit)m about 40 to 3,000 gaUona^ute and 500 to 9,000 psi in order to 
optimally provide sufficient operating pressures to extrude the tubular member 
715 off of the expandable mandrel 705. 

25 As described above wittirefaienGe to Fi0B. 1-6, during placement of the 
apparatus 700 within a new section of a wellbore, fluidic tnnteriijff fozved up the 
fluid passage 735 can be released into the weilbore above the tubular member 
715. In a inrrfeired embodimoit. the apparatus 700 fiirtha- includes a pressure 
release passage that is coupled to and positioned within the support member 

30 260. The pressure release passage is furOierfluidicly coupled to the fluid 
passage 735. The pressure release passage preferably includes a control valve 
for controUably opening and closing the fluid passage. In a preferred 
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embodiment, the control valve is pressure activated in order to controUably 
minimize surge pressures. The pressure release passage is preferably 
positioned substantially orthogonal to the centerline of the apparatus 700. The 
pressure release passage is preferably selected to convey materials such as 
5 cement, drilling mud or epoodes at flow rates and pressures ranging from about 
0 to 500 gallona/ininute and 0 to 1,000 pei in order to reduce the drag on the 

apparatus 700 during insertion into a new section of a wellbore and to minimize 
surge pressures on the new wellbore section. 

The Quid passage 740 permits fluidic materials to be transported to and 
10 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic 
communication with the mterior region of the tubular member 715 below the 
expandable mandrel 705. The fluid passage 740 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in the inlet 830 

15 of the fluid passage 740 to thereby block further passage of fluidic materials. In 
this manner, the interior r^on of the tubular member 715 below the 
ejqjandable mandrel 705 can be optimally Ouididy isoUted bom the region 
exterior to the tubular monber 715. This penuits the interior region of the 
tubular member 715 below the e]q>andable mandrd 205 to be pressurized. 
20 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convigr materiab such as oonent, drilling mud or eposies at flow rates and 
pressures ranging from about 0 to 3,000 gallona^iinute and 0 to 9,000 psi in 
order to optimally fill an annular region between the tubular member 715 and a 
25 new section of a wdlbore with fluidic materials. In a preferred embodiment, 
the fluid passage 740 indudes an inlet passage 830 having a geometry that can 
receive a dart and/or a ball sealing member. In this manner, the fluid passage 
240 can be sealed ofif by introducing a plug, dart and/or ball sealing elonents 
into the fluid passage 230. 
30 la a preferred embodiment, the apparatus 700 further indudes one or 

more seals 845 coupled to and supported by the end portion 820 of the tubular 
member 715. The seals 845 are further positioned on an outer surface of the 
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end portion 820 of the tubular member 715, The seals 845 permit the 
overlapping joint betvveen an end pprtion of preexisting casing and the end 
portion 820 of the tubular member 715 to be fluidicfy sealed. The seals 845 
may comprise any nimiiber of convmtional commercially available seals such as. 
5 for example, lead, rubber, Teflon, or epoxy seals modified in accordance with 
the teachings of the present disclosure. In a prefmed embodiment, the seals 
845 comprise seals molded from StrataLock epo^q^ available from Halliburton 
Energy Services in Dallas, TX in order to optimaUy provide a hydraulic seal and 
a load bearing interference fit in the overlapping joint between the tubular 
10 member 715 and an existing casing with optimal load bearing capacity to 
support the tubular member 715. 

I n a preferred embodimra t, the seals 845 are selected to provide a 
sufficient frictional force to support the expanded tubular member 715 from the 
existing casing. In a preferred embodiment, the frictional force provided by the 
15 seals 845 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
support the expanded tubular member 715, 

The support member 745 is pref^ly coupled to the expandable 
mandrel 705 and the overshot connection 755, The support member 745 
preferably comprises an annular member having sufficient strength to cany the 
20 apparatus 700 into a new section of a wellbore. The support member 745 may 
comprise any number of conventional oommerdaUy available support members 
such as, for exaoqde, steel drill pipe, coiled tubing or other High strength 
tubular modified in aooordanoe with the teachings of the proswt disclosure. In 
a preferred onbodiment, the support menjber 745 comprisea conventional drill 
25 pipe available from various steel mills in the United States. 

In a prefsred embodiment, a bo4y of lubricant 750 is provided in the 
annulsr region above the expandable mandrel container 710 within the interior 
of the tubular member 715. In this mannv, the extrusion of the tubular 
member 715 o£f of the expandable mandrel 705 is ft^it^^f^ The lubricant 705 
30 may con^srise any number of conventional coounerdaUy available lubricants 
such as, for example, Lubriplate, chlorine based lubricants, oil based lubricants, 
or Climax 1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 
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comprises Climax 1500 Antisieze (3100) available from Halliburton Energy 
Services in Houston,. TX in order to optimally provide lubrication to fadliate the 
extrusion process. 

The overshot connection 755 is coupled to the support member 746 and 
5 die support member 760. The overshot connection 755 preferably permits the 
support member 745 to be removably coupled to the support member 760. The 
overshot connection 756 may comprise any number of cbnventional 
commercially available overshot connections such as, for examqple, Innerstring 
Sealing Adapter, Innerstring Flat-Face Sealing Adapter or EZ DriU Setting Tool 

10 Stinger. In a preferred embodiment, the overshot connection 755 comprises a 
Innerstring Adapter with an Upper Guide available from Halliburton Energy 
Services in Dallas, TX. 

The support member 760 is preferably coupled to the ovsshot 
connection 755 and a surface support structure (not iUustrated). The support 

15 member 760 preferably comprises an flnwiii flr member having sufiicient 
strength to cari7 the apparatus 700 into a new section of a wellbor^^ The 
support member 760 may comprise any number of conventional commercially 
avaOable support monbers such aa, for example, sted driU pipe, coiled tubing or 
other high strength tubulars modified in accordance with the t^rhingB of the 

20 present disclosure. In a preferred embodiment, the support memb» 760 
comprises a conventional drill pipe available from steel milla in the United 
States. 

The stabilizer 766 is preferably coupled to the support member 760. The 
stabilizer 765 also prtferably stabilizes the components of the apparatus 700 

25 within the tubular manbv 715. The stabilizo* 765 preferably comprises a 
spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular memb^ 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any 
number of convrational commercially available stabilizers such as, for example, 

30 EZ Drill Star Guides, packw shoes or drag blocks modified in afccordance with 
the te aching s of the present disclosure. In a preferred embodim^t, the 
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Stabilizer 765 comprises a sealing adapter upper guide available from 
Halliburton Energy Service9.ixi Dallas, TX. 

In a preferred embodimenti the support members 745 and 760 are 
thoroughly deaned prior to assembly to the remaining portions of the 
5 apparatus 700. In this manner, the introduction of foreign material into the 
apparatus 700 is minimixed. This minimizes the possibility of foreign material 
dogging the various flow passages and valves of the apparatus 700. 

In a prefinred embodiment, before or after positioning the apparatus 700 
witiiin a new section of a wellbore, acouple of weUbore volumes are circulated 
10 through the various flow passages of the apparatus 700 in order to ensure that 
no foreign materials are located within the wellbore that might dog up the 
various flow passages and valves of the apparatus 700 and to ensure that no 
foreign material interferes with the expansion mandrel 705 during the 
expansion process. 

15 In a preferred embodiment, the apparatus 700 is operated substantially 

as described above with reference to Figs. 1-7 to form a new section of casing 
within a wellbore. 

As illustrated in Fig. 8, in an alternative preferred embodiment, the 
method and apparatus described herein is used to repair an existing wellbore 

20 casing 805 1^ forming a tubular liner 810 inside of the existing wellbore casing 
805. In a preferred embodiment^ an outer annular Kning - of cement is not 
provided in the repaired section. In the alternative preferred embodiment, any 
number of fluidic materials can be used to expand the tubular liner 810 into 
intimate contact with the damaged section of the wellbore casing such as, for 

25 example, cement, epax7> nux, or drilling mud. In the alternative prrferred 
embodiment, sealing members 815 are preferably provided at both ends of the 
tubular member in order to optimally provide a fluidic seal. In an alternative 
preferred embodiment, the tubular liner 810 is formed within a horizontally 
positioned pipeline section, such as those used to transport hydrocarbons or 

30 water, with the tubular liner 810 placed in an overlapping relationship with the 
adjacent pipdine sectibn. In this manner, underground pipelines can be 
repaired without having to dig out and replace the damaged sections. 
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In another alternative preferred embodiment, the method and apparatus 
desmbed herein is used to ^re«rflyUne a weUbore with In 
a preferred onbodimeat, an outer annular lining of cement is not provided 
between the tubular liner 810 and the weUbore. In the alternative preferred 
5 embodiment, any number of fluidic materials can be used to expand the tubular 
liner 810 into intimate contact with the weUbore such as, for example, cement, 
epo:^, slag mix, or drilling mud. 

Referring now to Pigs. 9, 9a, 9b and Qc, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular 
10 m«nber 902, a support member 904, an expandable mandrel or pig 906, and a 
shoe 908. In a preferred embodiment, the design and construction of the 
mandrel 906 and shoe 908 permits easy removal of those elements by drilling 
them out In this manner, the assembly 900 can be easily runoved fh>m a 

weUbore using a conventional drilling H>paratu8 and onre^nding drilling 
15 methods. 

The expandable tubular member 902 prtferably indudee an upper 
portion 910, an intermediate portion 912 and a town pnrtion 914. During 
operation of the apparatus 900, the tubular member 902 is preferably extruded 
off of the mandrel 906 by pressurizing an interim r^on 966 of the tubular 
20 member 902. The tubular member 902 preferably haa a substantially annular 
cross-section. 

In a particularly prefored embodiment, an expandable tubular member 
915 is coupled to the upper portion 910 of the expandable tubular memba 902. 
During operation of the apparatus 900, the tubular member 915 is prtferably 
26 extruded off of the mandrel 906 by pressurizing the interior region 966 of the 
tubular member 902. The tubular member 915 preferably haa a substantially 
annular cross-section. .In a preferred embodimeat, the wall thirynnaa of the 
tubular member 915 is greater than the waU thickness of the tubular member 
902. 

30 The tubular memba> 915 may be fiibricated from any numbo- of 

conventional conunerdally available materials such as, for exanq>le, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a (referred 
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embodiment, the tubular member 915 is fabricated from oilfield tubulars in 
order to optimally provide ^proximately the same mechanical properties as the 
tubular member 902. In a particularly preferred embodiment, the tubular 
member 915 has a plastic yield point ranging from about 40,000 to 135,000 psi 
5 in order to optimally provide approximately the same yield properties as the 
tubular member 902. The tubular member 915 may comprise a plurality of 
tubular members coupled end to end. 

In a preferred embodiment^ Uie upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fluidic 
10 and/or gaseous sed with an existing section of wellbore casing. 

In a preferred embodiment* the combined length of the tubular members 
902 and 915 are limited to minimize the possibility of buckling. For typical 
tubular member materials, the combined length of the tubular members 902 
and 915 are limited to between about 40 to 20,000 feet in length. 
15 The lovfter portion 914 of the tubular member 902 is preferably coupled 

to the shoe 908 by a threaded connection 968. The intermediate portion 912 of 
the tubular memb» 902 preferabby is placed in intimate sliding contact with 
the mandrel 906. 

The tubular member 902 may be fabricated from any number of 
20 conventional commercially available matoials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a prefored 
embodiment, the tubular member 902 is fabricated from oilfield tubulars in 
order to optimally provide approzixnately the same mechanical propvtiea.as the 
tubular member 915. In a particularfyprefored embodiment, the tubular 
25 member 902 has a plastic yield point ranging fi^m about 40,000 to 135,000 psi 
in order to optimally provide approziniate|y the same yield properties as the 
tubular member 915. 

The wall t hiclmess of the uppo*, intermediate, and lower portions, 910, 
912 and 914 of the tubular member 902 may range, for example, from about 
30 1/16 to 1.5 inches. In a pi^erred embodiment, the wdl thickness of the upp^^ 
intermediate, and lower portions, 910, 912 and 914 of the tubular member 902 
range from about 1/8 to 1.25 in order to optimally provide wall thickness that 
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are about the same as the tubular member 915. In a preferred embodiment, the 
wail thicknraa of the lower portion 914 ia less ttian or equal to the waU 
thickness of the upper portion 910 in order to optimaUy provide a geometry that 
will fit into tight clearances downhole. 
5 The outer diameter of the upper, intermediate, and lower portions, 910, 

912 and 914 of the tubular member 902 may range, for example, from about 
1.05 to 48 inches. In a preferred embodiment, the outer diameter of the upper, 
intermediate, and lower portions, 910, 912 and 914 of the tubular member 902 

range from about 3 V& to 19 inches in order to optimally provide the ability to 
10 expand the niost common]^ used oilfield tubulars* 

The Iragth of the tubular member 902 is prefmbly limited to between 
about 2 to 5 feet in order to optimaUy provide enou^ length to contain the 
mandrel 906 and a boc^ of lubricant 

The tubular member 902 may comprise any number of conventional 
15 commercially available tubular members modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the tubular 
member 902 comprises Oilfield Country Tubular Goods available fi^m various 
U-S. steel mills. The tubular member 915 m^ comprise any number of 
conventional commercially available tubular membera modified in accordance 
20 with the teachings of the present disclosure. In a preferred embodiment, the 
tubular member 915 comprises Oilfield Countiy Tubular Goods available from 
various U.S. steel mills. 

The various elemailB of the tubular mmiber 902 may be coupled using 
any number of conventional process such as, for example, threaded connections, 
25 welding or madiinedfit>m one piece. Inapreferredembodiment» the various 
dements of the tubular member 902 are coupled using weldmg. Thetubular 
member 902 may comprise a plurality of tubular elements that are coupled end 
to end. The various elemats of the tubular memb» 915 may be coupled using 
any number of conventional process such as, for example, threaded connections, 
30 welding or machined from one piece. In a preferred embodiment, the various 
elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end 
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to end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

The support member 904 preferably includes an innerstring adapter 916, 
5 afluidpassage918, an upper guide 920, and a coupling 922. During operation 
of the apparatus 900, the support member 904 preferab^ supports the 
apparatus 900 during movemrat of the apparatus 900 within a wellbore. The 
support member 904 preferably has a substantially annidar cross-section. 
The support member 904 m^ be fiabricated from any number of 
10 conventional oonunercially available materials such as, for exan^>le, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 
embodiment, the support member 904 is fabricated from low alloy sted in order 
to opttmaUy provide high yield strength. 

The innoBtring adaptor 916 prderably is coupled to and supported by a 
15 conventional drill string support fiDm a surface location. The innerstring 
adaptor 916 may be coupled to a conventional drill string support 971 by a 
threaded connection 970. 

The fluid passage 918 is pr^erably used to convey fluids and other 
materials to and from the apparatus 900. In a preferred embodiment, the fluid 
20 passage 918 is fluididy coupled to the fluid passage 952. Inapreferred 

embodiment, the fluid passage 918 is used to convey hardenable fluidic sealing 
materials to and from the iq;>paratu8 900. In a particularity preferred 
embodiment^ the fluid passage 918 may include one or more pressure relief 
passages (not iflustrated) to release fluid pressure during positioning of the 
25 apparatus 900 within a wellbore. In a preferred embodiment, the fluid passage 
918 is positioned along a longitudinal craterline of the apparatus 900. In a 
preferred embodiment, the fluid passage 918 is selected to permit the 
conveyance of hardenable fluidic materials at operating pressures ranging fi^m 
about 0 to 9»000p8L 
30 The nppear guide 920 is coupled to an uppo' portion of the support 

member 904. The upper guide 920 preferably is adapted to center the support 
member 904 within the tubular member 915. The uppa guide 920 may 
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comprise any number of conventional guide members modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the 
upper guide 920 comprises an imierstring adapter available from Halliburton 
Energy Services in Dallas, TX order to optimally guide the apparatus 900 
5 within the tubular member 915. 

The coupling 922 couples the siq>port member 904 to the mandrel 906. 
The coupling 922 prrferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using 
any number of conventional processes such as, for example, welding, threaded 
10 connections or machined from one piece. In a preferred embodiment, the 
various elements of the support member 904 are coupled using threaded 
connections. 

The mandrel 906 preferab^ indudea a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower 
16 guide 934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 
942, an upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 
948, a guide 950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator 
sleeve 948, and the rubber cup 926. The retainer 924 couples the rubber cup 
20 926 to the lubricator sleeve 948. The retainer 924 preferabltr has a 
substantially annular cross-section. The retainer 924 m^y comprise any 
number of convwtional oomm^ally available retainers such as, for example, 
slotted spring pins or roll pin* 

The rubber cup 926 is coupled to the retaino* 924, the lubricator mandrel 
25 946, and the lubricator sleeve 948. The rubber cup 926 prev^ts the entry of 
foreign materials into the interior region 972 of the tubular member 902 below 
the rubber cup 926. The rubber cup 926 may comprise any number of 
conventional commerciatty available rubber cups such as, for example, TP cups 
or Selective Injection Packer (SIP) cup. In a preferred embodiment, the rubber 
30 cup 926 comprises a SIP cup available from Halliburton Energy Services in 
Dallas, TX in order to optimally block fordgn materials. 
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In a partioilarly preferred embodiment, a body of lubricant is further 
provided in the.interior region 972 pf the tubidar member 902 in order to 
lubricate the interface between the exterior siirface of the mandrel 902 and the 
interior surface of the tubular members 902 and 915. The lubricant may 
5 comprise any number of conventional commercially available lubricants such 
as, for example, Lubriplate^ chlorine based lubricants, oil based lubricants or 
Climax 1500 Antiseize (3100). In a preferred embodim^t, the lubricant 
comprises Climax 1500 Antiseize (3100) available firom Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide lubrication to 

10 fadliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the 
body of cement 932, the lower guide 934» the extension sleeve 936, the housing 
940, and the upper cone retainer 944. In a preferred embodiment, during 
operation of the apparatus 900, the tubular members 902 and 915 are extruded 

15 off of the outer surface of the expansion cone 928. In a preferred embodiment, 
axial movement of the expansion cone 928 is prevented by the lower cone 
retainer 930, housing 940 and the upp^ cone retainer 944. Inner radial 
movement of the expansion cone 928 is prevented by the bodiy of cement 932, 
the housing 940, and the upper cone retainer 944. 

20 The expansion cone 928 preferably has a substantially annnl n r cross 

section. The outside diameter of the expansion cone 928 is preferabtir tapered 
to provide a cone shi^. The wall thickness of the expansion cone 928 may 
range, fw example, frcnn about 0.125 to 3 inches. In aprefOTedembcxliment, 
the wall thickness of the expansion cone 928 ranges fimn shout 0.25 to 0.75 

25 indies in order to optinially pronride adequate oonqp^^ 

mintmfli materiaL The ttiAyinnitfti and minimMiw outside diBsnetesrs of tiie 
expansion cone 928 may range, for example, from about 1 to 47 inches. In a 
preferred embodiment, the mjixifniim and minimmri outside diameters of the 
expansion cone 928 range from about 3.5 to 19 in order to optimally provide 

30 expansion ofguerally available oilfield tubulars 

The expansion cone 928 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, 
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tool Steel, tttanium or low aUoy ateel. In a preferred embodiment, the 
expansion cone 928 is fabricated from tool steel in order to optimally provide 
high strength and abrasion resistance. The surface hardness of the outer 
surface of the expansion cone 928 may range, for example, from about 50 
6 Rockwell C to 70 RockweU C. In a preferred embodiment, the surface hardness 
of the outer surface of the expansion cone 928 ranges from about 58 Rockwell C 
to 62 Rockwell C in order to optimal^ provide high yield strength. Ina 
preferred embodiment, the expansion cone 928 is heat treated to optimally 
provide a hard outer surface and a resilient interior bo4y in order to optimally 
10 provide abrasion resistanoe and fi*acture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment^ axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 
15 The lower cone retainer 930 may be fabricated from any number of 

conventional commercially available materials such as, for example, ceramic, 
tool steel, titanitmx or low alloy steel. In a preferred embodiment, the lower 
cone retainer 930 is fabricated from tool sted in order to optimally provide high 
strength and abrasion resistance. The surface hardness of the outer surface of 
20 the lower cone retainer 930 may range, for example, fit^m about 50 Rockwell C 
to 70 Rockwell C. In a preferred embodiment, the surface hardness of the outer 
surface of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 
RockweU Gin order to optimally provide high yield strength. Inapreferred 
embodiment, the lower cone retainer 930 is heat treated to optimally provide a 
25 hard outer surface and a resiUentintmorboffy in order to optimaUyprovi^^ 
abrasion resistance and fr act ur e toughness. 

In a prefOTed embodiment, the lower cone retainer 930 and the 
expansion cone 928 are formed as an integral one-piece element in order reduce 
the number of components and increase the overall strength of the apparatus. 
30 The outer surfiEu:e of the lower cone retainer 930 preferably mates with the 
inner surfaces of the tubular membos 902 and 915. 
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Thebody of cement 932 is positioned within the interior of the mandrel 
906. The body of cement 932 provides an inner bearing structure for the 
mandrel906. Thebodyof cement 932 further may be 6asi^ydrflled out using a 
conventional drill device. In this manner, the mandrel 906 be easUy 
5 removed using a conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
commercially available cement compounds. Alternatively, ahiminum. cast iron 
or some other drillable metallic, oompoaite. or aggregate material may be 
substituted for cement The bot^r of cement 932 preferabfy has a substantially 
10 annular cross-section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 
940. During operation of the apparatus 900, the lower guide 934 preferably 
helps guide the movement of the mandrel 906 within the tubuhu- member 902. 
The lower guide 934 preferably has a substantially annular cross-section. 
15 The lower guide 934 nu^y be fabricated from any number of conventional 

commerdally available materials such as, for example, oilfield tubulars. low 
aUoy steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from low aUoy steel in order to optimally provide high yield strength. 
The outer surface of the lower guide 934 preferably mates with the inner 
20 surface of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the lower guide 934 and the 
housing940. During operation of the apparatus 900, the extension sleeve 936 
preferably helps guide the movement of the mandrel 906 within the tubular 

member902. The extension sleeve 936 prefijrab|yhaa a substantially annular 
25 cnas-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional cQmrnerdally avaihdde materials such aa, for example, oilfield 
tubulara, low aUoy steel or stainless steeL In a preferred embodiment, the 
extension sleeve 936 is fidmcated from low alloy steel in order to optimally 
30 provide high yield sterength. The outer surface of the extension sleeve 936 
preferably mates with the inner surface of Uie tubular member 902 to provide a 
sliding fit In a preferred embodiment, the extension sleeve 936 and the lower 
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guide 934 are formed as an integral one-piece element in order to minimize the 
number of components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 962 and Is ad^ted to mate with the 
5 extension tube 960 of the shoe 908. In this manner, a plug or dart can be 
conveyed from the surface through the fluid passages 918 and 962 into the fluid 
I»saage 962. Preferabfy, the spacer 938 has a substantially annular cross- 
section. 

The spacer 938 m^y be fabricated firom any number of conventional 
10 commerdally available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated from aluminum 
in order to optimally provide driUability. The end of the spacer 938 preferably 
mates ^th the end of the o^tension tube 960. In a preferred embodiment, the 
spacer 938 and the sealing sleeve 942 are formed as an integral one-piece 
15 element in order to reduce the number of components and increase the strength 
of the aiqtaratus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, bo^y of cement 932, and lower cone retainer 930. During 
operation of the apparatus 900, the housing 940 preferably prevents inner 
20 radial motion of the expansion cone 92& Preferably, the housing 940 has a 
substantially annular rrom oortian. 

The housing 940 m^y be fabricated from any number of conventional 
commerdaUy available materials such as, for esampte, oilfield tubulars, low 
aUqy steel or stainksaateeL In a preferred embodiment, the housing 940 is 
26 fabricated from low aUojr steel in order to optimally provide high yield strength. 
In a preferred embodiment, the lower guide 934, extension sleeve 936 and 
housing 940 are formed aa an integral one-piece element in order to minimize 
the number of components and increase the strength of the apparatus. 
In a particularly preferred embodimeit, the interior surface of the 
30 housing 940 includes one or more protrusions to fadliate the connection 
between the housing 940 and the bwty of cemoit 932. 
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The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation 
of the apparatus, the sealing sleeve 942 preferably provides support for the 
mandrel 906, The sealing sleeve 942 is preferably coupled to the support 
5 member 904 using the coupling 922. Preferab]|y, the sealing sleeve 942 has a 
substantially annular cro8S*section. 

The sealing sleeve 942 m^y be fabricated from any number of 
conventional commerciaUy available materials such as, for example^ steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 942 is 
10 fabricated from aluminum in order to optimally provide driUability of the 
sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or niore protrusions to fadliate the connection between 
the sealing sleeve 942 and the body of cement 932. 
15 In a particularly prrferred embodiment, the spacer 938 and the sealing 

sleeve 942 are int^ally formed as a one-piece elemrat in order to minimize the 
number of components. 

The upper cone retain v 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the 
20 apparatus 900, the upper cone retainer 944 preferably prevents axial motion of 
the expansion cone 928. Preferabfy, the upper cone retainer 944 has a 
substantially annular croaa-eection. 

The upper cone retainw 944 may be fabricated from any number of 
conv ention al commerciaUy available materials such as, for example, sted, 
25 aluminum or cast iron. In a prtferred embodiment^ the upper cone retainer 944 
is fabricated from aluminum in ordw to optimaUy provide driUabiUty of the 
upper cone retainer 944. 

In a particulariy preferred embodiment, the upper cone retainer 944 has 
a cross^-sedional shape designed to provide increased rigidity. In a particularty 
30 preferred ^xibodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantial^ I-bhaped to provide increased rigidity and minimize the 
amount of material that would have to be drilled out 
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The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 
926» the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
5 interface between the mandrel 906 and the tubular member 902. Preferably, 
the lubricator mandrd 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 
10 is fabricated from aluminum in order to optimally provide drillability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cone retainer 944, the lubricator 
sleeve 948, and the guide 950. During operation of the apparatus 900, the 
15 lubricator sleeve 948 preferably supports the rubber cup 926. Preferably, the 
lubricator sleeve 948 has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminiun or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
20 fabricated frt)m aluminum in order to optimaUy provide drillability of the 
lubricator sleeve 948. 

As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrd 946. The Ixibricator sleeve 948 in turn supports the rubber 
cup 926. The retainv 924 couples the rubber cup 926 to the lubricator sleeve 
25 948. In a preferred embodiment, seals 949a and 949b are provided between the 
lubricator mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to 
optimally seal oiGT the interior r^on 972 of the tubular monber 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
30 950 preferably guides the i4>paratus on the support member 904. Preferably, 
the guide 950 has a substantially annular cross-section. 
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The guide 950 may be fabricated from any number of oonventionai 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimaUy provide drillability of the guide 950. 
5 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys bardenable fluidic 
materials. In a preferred embodimait, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment^ 
the fluid passage 952 is adapted to convey hardenable fluidic mAfciiftig at 

10 pressures and flow rate ranging from about 0 to 9|000p8i and Ota 3,000 
gallonaAnin in order to optimally provide pressures and flow rates to displace 
and circulate fluids during the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any 
numbff of conventional process such as, for eccample, threaded connections, 

15 welded connections or cementing. In a preferred onbodimenti the various 
elements of the nmndrel 906 are coupled using threaded connections and 
cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an eztemsion tube 960, a fluid passage 962, and one or more 
20 outlet jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower 
portion 914 of the tubular member 902. During operation of the apparatus 900, 
the housing 954 preferab^ ooufdeB the lower portion of the tubular membv 
902 to the shoe 908 to facilitate the eztnmon and positioning of the tubular 
25 manber902. Pteferab^, the housing 954 has a substantially annular cross- 
section. 

The housing 954 may be fabricated from any numh« of oonventionai 
commercially available materials sudi as, for example, steel or aluminum In a 
preferred embodiment, the housing 954 is fabricated from aluminum in order to 
30 optimally provide drillability of the housing 954. 
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In a particulariy prcfeired embodiment, the interior surface of the 
housing 954 indudes one or more jntXrusions to fadliate the connection 
between the body of cement 956 and the housing 954, 

The body of cement 956 is coupled to the housing 954, and the sealing 
5 sleeve 95d. In a preferred embodiment, the composition of the body of cement 
956 is selected to permit the body of cement to be easily drilled out using 
conventional drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
conventional cement compositions. In an altemative embodiment, a drillable 
10 material such as, for example, aluminum or iron may be substituted for the 
body of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the 
extension tube 960, the fluid passage 962, and one or more outlet jets 964. 
During operation of the apparatus 900, the sealing sleeve 958 preferably is 
15 adapted to conv^ a hardenable fluidic material from the fluid passage 952 into 
the fluid passage 962 and then into the outlet jeta 964 in order to iiUect the 
hardenable fluidic material into an annular region external to the tubular 
member 902. In a preferred embodiment, during operation of the apparatus 
900, the sealing sleeve 958 forther includes an inlet geometiy that permits a 
20 conventional plug or dart 974 to become lodged in the hilet of the sealing sleeve 
958. In this manner, the fluid passage 962 may be blocked thereby fluididy 
isolating the interior region 966 of the tubular member 902. 

In a preferred onbodiment, the sealing sleeve 958 has a substantially 
annular cross-section. The sealing sleeve 958 may be fabricated from any 
25 number of conventional commerdaUy available material such as, for example, 
steel, aluminum or cast iron. In a preferred embodiment, the sealing sleeve 968 
is fabricated from aluminum in order to optimally provide drillability of the 
sealing sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 968, the fluid 
30 passage 962, and one or more outlet jeta 964. During opsation of the 
apparatus 900, the. ezfiension tube 960 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 
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962 and then into the outlet jets 964 in order to inject the hardenable fluidic 
material into an annular region extismal to the tubular member 902. In a 
preferred embodiment, during operation of the apparatus 900, the sealing 
sleeve 960 further includes an inlet geometiy that permits a conventional plug 
5 or dart 974 to become lodged in the inlet of the sealing sleeve 958. In this 
manner, the fluid passage 962 is blocked thereby fluididy isolating the interior 
region 966 of the tubular member 902. In a preferred embodiment, one end of 

the extension tube 960 mates with one end of the spacer 938 in order to 
optimal^ fiadliate the transfer of material between the two. 
10 In a i^erred embodimmt, the extension tube 960 has a substantially 

annular cross-section. The extension tube 960 may be fabricated from any 
number of conventional commotially available materials such as, for ecample, 
steel, aluminum or cast iron. In a preferred embodiment, the extension tube 
960 is fabricated from aluminum in ordar to optimally provide drillability of the 
15 extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the otension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 
900, the fluid passage 962 is pretersbly conveys hardenable fluidic materials. In 
a preferred embodiment, the fluid passage 962 is positioned about the 
20 centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 962 is ad^ted to convqr hardraable fluidic muteriiiin at pressures 
and flow rate ranging from about 0 to 9,000 pai and 0 to 3,000 gaUons/min in 
order to optimaUy provide fluids at bperaiiona% efficient ra^ 

The ouflet jets 964 are coupled to the sealing sleeve 958, the extension 
25 tube 960, and the fluid passage 962. During operation of the apparatus 900, the 
outlet jets 964 preferabfy oonv^ hardenable fluidic material from the fluid 
passage 962 to the r^onextoior of the apparatus 900. Inapreferred 
embodimmt, the shoe 908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled 
30 in the housing 954 and the body of cement 956 in order to simplify the 
construction of the apparatus 900. 
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The various elements of the shoe 908 may be coupled using any number 
of conventional proceas such as, for example, threaded connections, cement or 
machined from one piece of matmal. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 
5 In a preferred embodiment, the assembfy 900 is operated substantially as 

described above with reference to Rp. 1^ to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extoid a wellbore into a subterranean 
formation, a drill string is used in a well known manner to drill out material 
10 from the subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subtmanean 
formation is then positioned in the new section of the wellbore. In a 
particularly preferred embodiment, the apparatus 900 includes tiie tubular 
member 915. In a preferred embodiment, a hardoiable fluidic sealing 
15 hardenable fluidic sealing mat^al is then punqied from a surface location into 
tiie fluid passage 918. The hardenable fluidic sealing material then passes from 
the fluid passage 918 into the interior region 966 of the tubular member 902 
below the mandrel 906. The hardenable fluidic sealing material then passes 
from the interior region 966 into the fluid passage 962. The hardenable fluidic 
20 sealing material thm exits the iq>paratus 900 via the outietjeta 964 and fills an 
annular region between the exterior of the tubular monber 902 and the intmor 
wall of the new section of the wellbore. Continued pumping of the hardenable 
fluidic sealing material causes the material to fill up at least a portion of tiie 
annular region. 

25 The hardenable fluidic sealing material is preferabfy pumped into the 

annular r^on at pressures and flow rates ranging, for example, from about 0 
to 5,000 psi and 0 to 1,500 gaUons^un. respectively. In a preferred 
embodiment, the hardoiable fluidic sealing material is punq>ed into the annular 
r^on at pressures and flow rates that are designed for the specific wellbore 

30 section in ordo- to optimize the displacement of the hardenable fluidic sealing 
material while not crehting high enough drailating pressures such that 
circulation might be lost and that could cause the wellbore to collapse. The 
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optimuin pressures and flow rates are preferably determined using conventioDal 
empirical methods. ^ . 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such 
5 as, for example, slag mix, cement or epo3^. In a prtferred embodiment^ the 
hardenable fluidic sealing material comprises blraded cements designed 
spedficaUy for the well section being lined available froib Halliburton Energy 
Services in Dallas, TX in order to optimal^ provide support for the new tubular 
member ^^lile also maintaining optimal flow characteristics so as to minimize 
10 operational difficulties during the displacement of the cement in the anwii^r 
region. The optimum composition of the blended cements is prefwably 
determined using conventional empirical methods. 

The annular r^on preferably is filled with the hardenable fluidic sealing 
material in sufflcient quantities to ensure that, upon radial expansion of the 
15 tubular member 902, the anniJar region of the new section of the weilbore will 
be filled with hardenable material. 

Once the annular region has been adequate filled with hardenable 
fluidic sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicty isolating the interior 
20 region 966 of the tubular mencdier 902 from the externtd annular In a 

preferred embodiment, a non hardenable fluidic material is then pumped into 
the interior region 966 causing the interior r^on 966 to pressurize. In a 
particular preferred embodiment, the plug or dart 974, or other similar device, 
preferabfy is introduced into the fluid passage 962 Iqr introducing the {Aug or 
25 dart 974, or other similar device into the non haidfliiable fluidic material. In 
this manner, the amount of cured material within the interior of the tubular 
members 902 and 915 is mifiimi^giH 

Once the interior region 966 becomes sufficiently pressurized, the 
tubular members 902 and 915 are extruded off of the mandrel 906. The 
30 mandrel 906 may be fixed or it may be expandable. During the extrusion 
process, the mandrel 906 is raised out.of the expanded portions of the tubular 
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members 902 and 915 using the support member 904. During this extrusion 
process, the shoe 908 13 preferably substantially stationaiy. 

The plug or dart 974 is preferably placed into the fluid passage 962 by 
introducing the plug or dart 974 into the fluid passage 918 at a surface location 
5 in a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such 
as, for example. Multiple Stage Cementer (MSG) latch-down plug, Omega latch- 
down plug or three-wiper latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the plug or 
10 dart 974 comprises a MSG latch-down plug available firom Halliburton Energy 
Smices in Dallas, TX. 

After placement of the plug or dsrt 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the intmor r^on 966 at 
pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
15 3,000 gallonsAnin in order to optimaUy extrude the tubular members 902 and 
915 ofif of the mandrel 906. 

For tyiucal tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 ofif of the expandable mandrel will begin when the 
pressure of the interior region 966 readies approximate^ 500 to 9,000 psi. In a 
20 preferred embodiment, the extrusion ofthe tubular members 902 and 915 off 
of the mandrd 906 begins when the pressure of the intmor region 966 reaches 
approximately 1,200 to 8,500 psi with a flow rate of about 40 to 1250 
gallona/minute. 

During the extrusion process, the mandrel 906 may be raised out ofthe 
25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, from aboutO to 5 fl/sec In apreferred embodiment, during the 
extrusion process, the mandr^ 906 is raised out ofthe expanded portions ofthe 
tubular members 902 and 915 at rates ranging from about 0 to 2 fVsec in order 
to optimally provide pulling speed fast enough to permit ^cirat operation and 
30 permitfuUexpandonof the tubular mmbera 902 and 915 prior to 

hardenable fluidic sealing material; but not so fast that timely ax^'ustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the. puter surface of the upper end portion of the tubular 
member 915 will preferably contact the interior surface of the lower end portion 
of the existing casing to form an fluid tight overlapping joint The contact 
5 pressure of the overlapping joint may range, for example, from approximate^ 
50 to 20,000 psi In a preferred embodiment^ the contact pressure of the 
overl^iping joint between the upper end of the tubular member 915 and the 
existing section of wellbore casing ranges from appraximBte^ 400 to 10,000 psi 
in order to optimally provide contact pressure to activate the sealing members 

10 and provide optimal resistance such that the tubular member 915 and existing 
wellbore casing will cany typical tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
non hardenable fluidic material will be controUably ramped down when the 
mandrd 906 reaches the upper end portion of the tubular member 915. In this 

15 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 915 off of the expandable mandrel 906 can be minimized. In a 
preferred embodiment, the opmtting pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 906 has completed approximatefy all but about the 

20 last 5 feet of the extrusion process. 

In an alternative preferred embodiment^ the operating pressure and/or 
flow rate of the hardenable fluidic sealing material and/or the non hardenable 
fluidic material are controlled during all phases of the operation of the 
apparatus 900 to minimise shock. 

25 Alternative^, or in combination, ashodc absorber is provided in the 
support member 904 in order to absorb the shock caused by the suddn rdease 
of pressure. 

Alternatively, or in combination, a mandrd catching structure is 
provided above the support membv 904 in order to catch or at least decelerate 
30 the mandrel 906. 

Once the extrusion process is completed, the mandrel 906 is removed 
from the wellbore. In a preferred embodiment, eitha before or after the 
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removal of the mandrel 906, the integrity of the Quidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower 
portion of the existing casing is tested using conventional methods. If the 
fliridic seal of the overlapping joint between the upper portion of the tubular 
5 member 916 and the lower portion of the existing casing is satisfactory, then 
the uncnred portion of any of the hardenable fluidic sealing material within the 
expanded tubular member 915 is then removed in a conventional manner. The 
hardenable fluidic sealing material within the annular region between the 
expanded tubular member 915 and the existing casing and new section of 
10 wellbore is then allowed to cure. 

Preferably any r«naining cured hardmable fluidic sealing material 
within the interior of the expanded tubular members 902 and 915 is then 
removed in a conventional manner using a conventional drill string. The 
resulting new section of casing pr^enhfy indudea the expanded tabular 
15 monbera 902 and 916 and an outer annular liryer of cured hardenable fluidic 
sealing material. The bottom portion of the apparatus 900 comprising the shoe 
908 may then be removed by drilling out the shoe 908 using conventional 
drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
20 necessary to remove the entire apparatua 900 from the interior of the weUbore 
due to a malfimction. In this circumstance, a conventional drill string is used to 
drill out the interior sections of the apparatus 900 in order to facilitate the 
removal of the r emainin g sections. In a preferred embodiment, the hiterior 
elements of the ^jparatua 900 are fabricated from materials such as, for 
25 example, cement and aluminum, that permit a convmtional drill string to be 
emidoyed to drill out the interior components. 

In particular, in a prefored embodiment, the composition of the interior 
sections of the mandrd 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938. the sealing sleeve 942, the upper cone retainer 944, 
30 the lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the 
housing 954, the bocfy of cement 95^ the sealing sleeve 958, and the extension 
tube 960, are selected to pomit at least some of these components to be drilled 
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out using conventional drilling methods and apparatus. In this manner, in the 
event of a malfunction downhole, tl^e apparatus 900 may be easily removed 
from the wellbore. 

Referring now to Figs. 10a, 10b, 10c. lOd, lOe, lOf, and 10g« method and 
5 apparatus for crealang a tie-back liner in a wellborewiU now be descri As 
illustrated in Pig. 10a, a wellbore 1000 positioned in asubterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 

The first casing 1004 prefaab^y indudes a tubular liner 1008 and a 
c^ent annuliis 1010. The second casing 1006 preferably includes a tubular 
10 liner 1012 and a cement annuhis 1014. InaprefaTedembodimwt,the8econd 
casing 1006 is formed expanding a tubular member substantially as 

described above with reference to Figs. l*9c or below with reference to Figs, 
lla-llf. 

In a particularly preferred embodiment, an upper portion of the tubular 
15 liner 1012 overi£^ with a lower portion of the tubular liner 1008. In a 

particularly prefenred embodimmt, an outer surface of the upper portion of the 
tubular liner 1012 indudes one or more sealing members 1016 for providing a 
fluidic seal between the tubular liners 1008 and 1012. 

Referring to Fig. 10b, in order to create a tie-back liner that extends from 

20 the overh^) between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that indudes an expandable mandrel or pig IIIDS, a 
tubular member 1110, ashoe 1115, one or more cup seals 1120, afluid passage 
1130, afluid passage IISS, one or more fluid passages 1140, seals 1145, and a 
support member 1150. 

25 Hie expandable mandrel pig 1 105 is coupled to and supported by the 

support monber 1150. Tbe expandable mandrd 1105 is prefoabty adapted to 
controUably eqmnd in a radial direction. The expandable mandrel 1105 may 
comprise any numba of conventional conunercially available expandable 
mandreb modified in accordance with the teachings of the preset disdosure. 

30 In a prefOTed ^nbodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substantially as disdosed in U.S. Pat. No. 5,348,095, the 
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disclosure of which is incorporated herein by reference, modiCed in accordance 
with the teachings of the present disclosure. 

The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction 
5 andextrudedoCTof the expandable mandrel 1105. The tubular member 1110 
may be fabricated from any number of matoials such as, for example. Oilfield 
Countiy Tubular Goods, 13 chromium tubing or plastic piping. In a preferred 
embodiment, the tubular member 1110 is fabricated from Oilfield Countiy 
Tubular Goods. 

10 The inner and outer diameters of the tubular member 1 110 may range, 

for example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the innw and outer diameters of the 
tubular member 1110 range from about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide coverage for <gq)ical oilfield casing 
15 sizes. The tubular member 1110 preferably comprises a solid member. 

In a preferred embodiment, the upper end portion of the tubular m^ber 
1110 is slotted, pwforated, or otherwise modified to catch or slow down tiie 
mandrel 1105 when it completes the extrusion of tubular memdber 1110. In a 
prdierred embodiment, the length of the tubular member 1110 is limited to 
20 minimize the possibility of buckling. For typical tubular membw 1110 
materials, the length of the tubular membv 1110 is prefoably limited to 
between about 40 to 20,000 feet in l^gth. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the 
tubular member 1110. The shoe 1115 includes the fluid passage 1135. The 
25 shoe 1115 may conqnrise any number of conventional commercially available 
shoes such as, for example. Super Seal II float shoe, Super Seal II Down-Jet 
float shoe or a guide shoe with a sealing sleeve for a latch down plug modified in 
accordance with the t^«*4iitigf of the present disclosure. In a preferred 
embodiment, the shoe 1115 oompriees an aluminum down-jet guide shoe with a 
30 sealing sleeve for a latch-down plug with side ports radiating off of the exit flow 
port avaflable from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimally 
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guide the tubular member 1100 to the overlap between the tubular member 
1100 and the casing 1012, optimally fluidicbr isolate the interior of the tubular 
member 1100 after the latch down plug has seated, and optimally permit 
drilling out of the shoe 1115 after completion of the expansion and cementing 
5 operations. 

In a preferred embodiment, the shoe 1115 includes one or more side 
outlet ports 1140 in fluidic communication with the fluid passage 1135. In this 
manner, the shoe 1115 injects hardenable fluidic sealing material into the 
r^on outside the shoe 1115 and tubular member 1110* In a preferred 
10 embodiment, the shoe 1115 includes one or more of the fluid passages 1140 
each having an inlet geometry that can receive a dart and/or a bail sealing 
member. In ibis manner, the fluid passages 1140 can be sealed ofi'by 
introducing a plug» dart and/or ball sealing elanents into the fluid passage 
1130. 

15 The cup seal 1120 is coupled to and supported by the support member 

1150. The cup seal 1120 prevents fordgn irmtoriftift from entering the interior 
region of the tubular member 1110 a4jacent to the expandable mandrel 1105. 
The cup seal 1120 may comprise any number of conventional commercially 
available cup seals such as, for example, TP cups or Selective Injection Packer 

20 (SIP) cups modified in accordance with the teadiings of the present disclosure. 
In a preferred embodimwt, the cup seal 1120 comprises a SIP cup, available 
from Halliburton Enorgy Services in Dallas, TX in order to optimally provide a 
barrier to debris and contain a body of lubricant 

The fluid passage 1 ISO pennits fluidic materials to be transported to and 

25 from the interior region of the tubular meoiber 1110 below the expandable 
mandrel 1105« The fluid passage 1130 is coupled to and positioned within the 
support memba 1150 and the equadable mandrel 1105. The fluid passage 
1 130 preferably extends from a position adjacent to the surface to the bottom of 
the expandable mandrel 1105. The fluid passage 1130 is preferably positioned 

30 along a c^teriine of the apparatus 1100. The fluid passage 1130 is pref^ably 
selected to transport riiaterials such as cem^t, drilling mud or epoxies at flow 
rates and pressures ranging fi^m about 0 to 3,000 gallons/minute and 0 to 9,000 
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psi in order to optimally provide sufndent operating pressures to circulate 
fluids at operationally elEcient rates. 

The fluid passage 1135 permits fluidic materials to be transmitted from 
fluid passage 1130 to the interior of the tubular member 1110 below the 
5 mandrel 1105. 

The fluid passages 1 140 permits fluidic materials to be transported to 
and firom the r^on exterior to the tubular mraiber 1110 and shoe 1115. The 
fluid passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
10 expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 

sectional shape that permits a plug, or other similar device, to be placed in to^ 
fluid passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular membo^ 1110 below the expandable 
mandrel 1105 can be fluidicly isolated from the r^on exterior to the tubular 
15 member 1105. Thispermits the interior region of the tubular member 1110 
below the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of 
the shoe 1115. The fluid passages 1140 are pr^mbfy selected to convey 
materials such as cement, drilling mud or epozies at flow rates and pressures 
20 ranging from about 0 to 3,000 gaUona/^ute and 0 to 9,000 pel in order to 
optimal^ fill the annular r^on between the tubular member 1110 and the 
tubular liner 1008 with fluidic materials. In a preferred embodiment, the fluid 
passages 1 140 include an inlet geometry that can receive a dart and/or a baU 
seaUngmember. In this manner, the fluid passages 1140 can be sealed ofT by 
25 introducing a plug, dart and/or ball sealing dements into the fluid passage 
1130. In a preferred embodiment, the apparatus 1100 includes a plurality of 
fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a 
30 plug, or other similar device, to permit the intoior region of the tubular 
member 1110 to be fluidicly isolated bom the exterior of the tubular member 
1110. 
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The seals 1145 are coupled to and supported by a lower end portion of 
the tubular member 1110. The seals 1145 are further positioned on an outer 
surface of the lower end portion of the tubular member 1110. The seals 1146 
permit the overlapping joint between the upper end portion of the casing 1012 
5 and the lower end portion of the tubular member 1110 to be fluididy sealed. 

The seals 1145 may con^>rise any number of conventional commercially 
available seala audi as» for example, lead, rubber, TeOon or epo]^ seals modified 
in accordance with the teachings of the present disdosure. In a preferred 
embodimrat, the seals 1145 comprise seals molded from Stratalock epozy 
10 available from Halliburton Energy Services m Dallas, TX in ord» to optimally 
provide a hydraulic seal in the overlapping joint and optimally provide load 
carrying capadty to withstand the range of typical tensile and compressive 
loads. 

In a preferred embodiment, the seals 1145 are selected to optimaUy 
15 provide a sujffident frictional force to support the expanded tubular member 
1110 from the tubular liner 1008. In a preferred embodiment, the frictional 
force provided by the seals 1145 ranges trom about 1,000 to 1,000,000 Ibf in 
tension and compresaion in order to optimally support the expanded tubular 
membw 1110. 

20 The support membv 1150 is coupled to the expandable mandrel 1105, 

tubular member 1110, shoe 1115, and seal 1120, The support member 1150 
preferably comprises an annular member having suffident strength to carry the 
apparatus 1100 into the weUbore 1000. In a preferred embodiment, the support 
member IISO further indudes one or more conventional cottralizers (not 

25 illustrated) to help stabilize the tubular member 1110. 

In a prrferred aobodiment^ a quantity of lubricant 1150 is provided in 
the annular region above the expandable mandrel 1105 within the interior of 
the tubular member 1110. In this manner, the extrusion of the tubular 
member 1110 ofifof the expandable mandrel 1105 is facilitated. The lubricant 

30 llSOmay comprise any number of conventional commerdaUy available 

lubricants such as,, for example, Lufaripiate, chlorine based lubricants or Climax 
1500 Antiseize (3100). In a preferred embodiment, the lubricant 1150 
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comprises Climax 1500 Antiseize (3100) available from Climax Lubricants and 
Equipment Co. in Hou^toni, TX in order to optimaUy provide lubrication for the 
extrusion process. 

In a prrferred embodiment, the suniort member 1160 is thorou^y 
5 cleaned prior to assembly to the ranaining portions of the c^>paratU8 1100. In 
this manner, the introduction of foreign matoial into the apparatus 1100 is 
minimized. This minimizes the possibility offoreign material clogging the 
various flow passages and valves of the apparatus 1100 and to ensure that no 
foreign material interferes with the expansion mandrel 1105 during the 
10 extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
packer 1155 coupled to the bottom section of the shoe H15 for fluididy 
isolating Uie r^on of the weUbore 1000 below the apparatus 1100. In this 
manner, fluidic materials are i^mted from entering the region of the 
15 wellbore 1000 below the ^paratus 1100. The packer 1155 may comprise any 
number of conventional commerdaUy available packers such as, for example, 
EZDriU Packer, EZSV Packer or a drillable cement retainer. Inapreferred 
embodiment, the padcer 1155 comprises an EZ Drill Packer available from 
Halliburton Energy Services in OaUas, TX. In an alternative embodiment, a 
20 high gel strength pill may be set below the tie-bai^ in place of tiie packer 1155. 
In anothw alternative embodiment, the padcor 1155 may be omitted. 

In a preferred embodiment, before m after positioning the apparatus 
1100 within the weUboro 1100, a couple of weUbore vohmies are circulated in 
order to ensure that no foreign materials are located within the wdlbore 1000 
25 tfiat might dog up the various flow passages and vahree of the apparatus 1100 
and to ensure that no foreign material interferes with the operation of the 
expansion mandrel 1105. 

As illustrated in Fig. 10c, a hardenabie fluidic sealing material 1160 is 
then pumped from a surface location into the fluid passage 1130. The material 
30 1160 thai passes fix)m the fluid passage 1130 into the infoior r^on of the 
tubular memb« lilO'below the expandable mandrel 1105. The material 1160 
then passes from the interior r^on of the tubular member 1110 into.the fluid 
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passages 1140, The material 1160 then exits the apparatus 1100 and fills the 
annular r^on between the exjterior of the tubular member 1110 and the 
int^or waU of the tubular liner 1008. Continued pumjping of the material 1160 
causes the material 1160 to Gil up at least a portion of the annular region. 
5 The material 1160 may be pumped into the annular region at pressures 

and flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 
gallona/min, respectively. In a preferred embodiment, the material 1160 is 
pumped into the annular region at pressures and flow rates specifically 
designed for the casing sizes being run, the annular spaces being filled, the 
10 pumping equipment available, and the properties of the fluid being pumped. 
The optimum flow rates and pressures are preferably odculated using 
conventional empirical methods. 

The hardenable fluidic sealing material 1160 may comprise any number 
of conventional commercially available hardenable fluidic sealing materials such 
15 as, for example, slag mix, cement or epoiQf. In a prefiored embodiment, the 
hardenable fluidic sealing material 1160 comprises blended cements specificaUy 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimaUy provide proper support for the 
tubular membv 1110 while mmwtaiiiiwg optimum flow characteristics so as to 
20 minimize opmtional difficulties during the displacement of cement m the 
annular region. The optimum blend of the blended cements are preferably 
determined using conventional empirical methods. 

The annular r^on may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, 
25 the annular region will be filled with material 1160. 

As illustrated in Fig. lOd, once the annnlur region has been adequately 
filled with material 1160, one or more plugs 1165, or other similar devices, 
preferably are introduced into the fluid passages 1140 thereby fluididy isolating 
the interior r^on of the tubular member 1110 from the annular region 
30 external to the tubular member 1110. In a preferred embodiment, a non 
hardenable fluidic material 1161 is then pumped into the interior region of the 
tubular mra[iber 1110 below the mandrel 1105 causing the interior region to 

-64- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/0024S 



pressurize. In a particularly preferred embodiment, the one or more plugs 
1165, or othtf similar devices, are introduced into the fluid passage 1140 with 
the introduction of the non hardenable fluidic materiat. In this manner, the 
amount of hardmable fluidic material within the interior of the tubular 
5 member lllO is minimized. 

As iUustrated in Fig. lOe, once the interior region becomes sufiiciently 
pressurized, the tubuhur member 1110 is eztzoided off of the expandable 
mandrel 1105. During the eztnision process, the expandable mandrel 1105 is 
raised out of the expanded portion of the tubular member 1110. 
10 The plugs 1165 are prefonbly placed into the fluid passages 1140 by 

introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such 
as, for ezanqile, brass balls, plugs, rubber balls, or darts modified in accordance 
15 wilii the teachings of the present disclosure. 

In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
20 hardenable fluidic material 1161 is preferably pumped into the interior region 
of the tubular mranber 1110 below the mandrel 1105 at pressures and flow 

rates ranging from t^ipniximatefy 500 to 9,000 psi and 40 to 3,000 gaUonsAnin. 
In a preferred embodiment, aflw pbcement of the {dugs 1165 in tiie fluid 
passages 1140, thfl non hardenable fluidic material 1161 is preferably pumped 

25 into the interior region of the tubular member 1110 below the mandrel 1105 at 
pressures and flow rates ranging from approximately 1200 to 8600 psi and 40 to 
1250 gallonsAnin in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 

30 interior region of the tubular member 1110 below themandrel 1105 reaches, for 
example, ^proximately 1200 to 8500 psi. In a preferred embodiment, the 
extrusion of the tubular member 1110 oil of the expandable mandrel 1105 
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begins when the pressure of the interior region of the tubular member 1110 
below the mandrel X105 reaches i^prosdmately 1200 to 8500 psi. 

During the eactrusion process, the eipandable mandrel 1105 may be 
raised out of the expanded portion of the tubular member 1110 at rates 
5 ranging, for example, from about 0 to 5 fVsec. In a preferred embodiment, 
during the extrusion process, the expandable mandrel 1105 is raised out of the 
expanded portion of the tubular membo: 1 1 10 at rates ranging from about 0 to 
2 tt/sec in ordw to optimally provide permit a«yu8tment of operational 
parameters, and optimally ensure that the extrusion process will be con^>leted 
10 before the material 1160 cures. 

In a preferred embodiment, at least a portion 1180 of the tubular 
member 1110 has an internal diameter less than the outside diameter of the 
mandrel 1105. In this manner, when the mandr^ 1105 expands the section 
1180 of the tubular member 1110, at least a portion of the expanded section 
15 1180 effects a seal with at least the wellbore casing 1012. In a particulariy 
preferred embodiment, the seal is effected by compressing the seals 1016 
between the expanded section 1180 and the wdlbore casing 1012. In a 
preferred embodiment, the contact pressure of the joint between the expanded 
section 1180 of the tubular membv 1110 and the casing 1012 ranges from 
20 about 500 to 10,000 psi in order to optunal^y provide pressure to activate the 
sealing members 1145 and provide optimal resistance to ensure that the joint 
will withstand ^ical extremes of tensile and compressive loads. 

In an alternative prtferred embodimmt^ substantial^ all of the entire 
length of the tubular monber 1110 has an internal diameter leas than the 
25 outaidediameterof the mandrd 1105. In this manner, extrusion of the tubular 
member 1110 by the mandrel 1105 results in contact between substantially all 
of the expanded tubular member 11 10 and the existing casing 1008. In a 
prefored embodiment, the contact pressure of the joint betweoi the expanded 
tubular member 1110 and the casings 1008 and 1012 ranges fit>m about 500 to 
30 10,000 psi in order to optimally provide pressure to activate the sealing 
members 1145 and prbvide optimal resistance to ensure that the joint will 
withstand typical extremes of tensile and compressive loads. 
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In a preferred embodimenti the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the uiq>er end portion of the tubular member 1110. la this manner, the 
sudden release of pressure caused by the complete extrusion of the tubular 
5 member 1110 o£f of the expandable mandrel 1105 can be minimized. In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to Aout 10% during the 
end of the extrusion process beginning when the mandrd 1105 has completed 
approximately aU but about 5 feet of the extrusion process. 
10 Alternatively, or in combination, a shock absorbs is provided in the 

support member 1150 in order to absorb the shock caused by the sudden release 
of pressure. 

Altematively» or in combination^ a mandrel catching structure is 
provided in the upper end portion of the tubular member 1110 in order to catch 

15 or at least decelerate the mandrel 1105. 

Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrd 
1105, the integrity of the fluidic seal of the joint between the upper portion of 

20 the tubular member 1110 and the upper portion of the tubular liner 1108 is 
tested using conventional methods. If the fluidic seal of the joint between the 
upper portion of the tubular member 1110 and the upper portion of the tubular 
liner 1008 is satiafrurtory, then the uncured portion of the material 1160 within 
the expanded tubular member 1110 is then removed in a conventional manner. 

25 The material 1160 within the annular region between the tubular membv 1110 
and the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is th^ removed in a 
conventional manna* using a conventional drill string. The resulting tie-back 

30 liner of casing 1170 includes the expanded tubular member 1110 and an outer 
annular layer 1175 of cured niaterial 1160. 
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As illustarated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising th^ shoe 1115 and packer 1155 is then preferably removed by 
drilling out ^e shoe 1115 and packer 1155 using conventional drilling methods. 

In a particularly preferred embodiment, the apparatus 1100 incorporates 
5 the apparatus 900. 

Referring now to Figs, lla-llf; an embodiment of an apparatus and 
method for hanging a tubulv liner off of an existing wellbore casing will now be 
described. As illustrated in Pig. 11a, a wellbore 1200 is positioned in a 
subterranean formation 1205. The wellbore 1200 includes an existing cased 
10 section 1210 having a tubular casing 1215 and an annular outer layer of cement 
1220, 

In order to extend the wellbore 1200 into the subterranean formation 
1205» a driU string 1225 is used in a well known manner to drill out material 
from the subterranean formation 1205 to form a new section 1230. 
15 As iUustrated in Pig. lib, an ^paratus 1300 for forming a wdlbore 

casing in a subterranean formation is tbm positioned in the new section 1230 
of the wellbore 100. The apparatus 1300 prrforably includes an expandable 
mandrel or pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, 
a fluid passage 1330, a fluid passage 1335, seals 1340, a support member 1345, 
20 and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported liy the support 
mtfnbCTl345. The.expandable mandrel 1305 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1305 may 
comprise aqy number of oonv^tional commeraally available expandable 
25 mandrels modified in accordance with the teachings of the presoit disdraure. 
In a preferred embodiment, Uie expandable mandrel 1305 comprises a hydraulic 
expansion tool substantially as disclosed in U.S- PaL No- 5,348,095, the 
disclosure of vdiich is incorporated herein by referenoe, modified in accordance 
with the *»«'*hiTiEff of the present disclosure. 
30 The tubular member 1310 is coupled to and supported by the expandable 

mandrel 1305. The tubular member 1310 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 1305. The tubular 
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member 1310 m^ be fabricated from any number of materials such as, for 
example. Oilfield Countiy Tubular CJoods (OCTG), 13 chromium steel 
tubin^fcasing or plaatic casing. In a preferred embodiment, the tubular 
member 1310 is fabricated from OCTG. The inner and outer diameters of the 
5 tubular member 1310 may range, for example, from approximately 0.75 to 47 
inches and 1.05 to 48 inches, respectively. In a preferred embodiment, the 
inner and outer diameters of the tubular member 1310 range from about 3 to 
15.5 inches and 3.5 to 16 mches. respectively in order to optimaUy provide 
minimal telescoping effect in the most commonly encountered wellbore sizes. 
10 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper 
portion 1355 of the tabular member 1310 range from about 3/8 to 1 Vi inches 
and 3 V& to 16 inches, respectively. In a preferred embodiment, the waU 
15 thickness and outer diameter of the intermediate portion 1360 of the tubular 
member 1310 range from about 0.625 to 0.75 inches and 3 to 19 inches, 
respectively. In a preferred embodiment, the waU thickness and outer 
diameter of the lower portion 1365 of the tubular member 1310 range from 
about 3/8 to 1.5 inches and 3.5 to 16 inches, respectively. 
20 In a particularly preferred embodiment, the outer diameter of the lower 

portion 1365 of the tubuhn- member 1310 is significanUy less than the outer 
diameters of the upper and intermediate portions, 1356 and 1360, of the 
tubular member 1310 in order to optimize the fonnation of a concentric and 
overla^ung arrangement of wellbore casings. In this manner, aa will be 
25 described below with reference to Figs. 12 and 13, a wellhead system Is 
optimally provided. In a preferred embodiment, the fonnation of a wellhead 
syatem does not include the use of a hardoiable fluidie matoiaL 

In a particularlSy preferred embodiment, the wall thicknesa of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to 
30 the wall thickness of the upper and lower sections. 1355 and 1365, of the 
tubular member 1310 in order to optimally fadliate the initiation of the 
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extrusion process and optimaUy permit the placement of the apparatus in areas 
of the wellbpre having ti|e^t clearances. 

The tubular member 1310 preferably comprises a soUd member. In a 
preferred embodiment, the upper end portion 1355 of the tubular member 1310 
5 is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment^ the length of the tubular member 1310 is limited to minimize the 
possibiUly of buckling. For topical tubular member 1310 materials, the length 
of the tubuhff member 1310 is preferably limited to between about 40 to 20,000 
10 feet in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1336. The shoe 1315 m^y comprise 
any number of conventional commercially available shoes such as, for example. 
Super Seal II float shoe. Super Seal II Down-Jet float shoe or guide shoe with a 

15 sealmgsleeveforalatchHiownplugmodifiedinaccofdancewiththeteachings 
of the present disclosure. In a preferred embodiment, the shoe 1315 comprises 
an aluminum down-jet guide shoe with a sealing sleeve for a Utch-down plug 
available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimaUy 
20 guide the tubuhir member 1310 into the wellbore 1200; optimaUy fluididy 
isolate the interior of the tubular member 1310, and optimaUy permit the 
complete driU out of the shoe 1315 upon the completion of the extrusion and 
cementing operatioiia. 

In a preferred embodiment, the shoe 1315 further includes one or more 
25 side ouUet ports in fluidic communication with the fluid passage 1330. In this 
manner, the shoe 1315 preferably iAjects bardenable fluidic sealing material 
into the region outside the shoe 1315 and tubular member 1310. In a preferred 
embodiment, the shoe 1315 includes the fluid passage 1330 having an inlet 
geometiy that can receive a fluidic sealing member. In this manner, the fluid 
30 passage 1330 can be sealed off l^y introducing a plug, dart and/or baU sealing 
elements into the fluid passage 1330. 
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The Quid passage 1320 pennits fluidic materials to be transported to and 
from the interipr region of the tubular member 1310 below the eacpandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 
5 1320 preferably extends from a position aiyacent to the surface to the to 
the expandable mandrel 1305. The fluid passage 1320 is prefCTably positioned 
along a centerline of the apparatus 1300. The fluid passage 1320 is preferably 
selected to transport materials such as cement, drilling mud, or epoxies at flow 
rates and pressures ranging from about 0 to 3.000 gallons/minute and 0 to 9,000 
10 psi in order to optimally provide suiSicient operating pressures to circulate 
fluids at operationally e£Qcient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315, The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
15 communication with the interior region 1370 of the tubular member 1310 below 
the expandable mandrel 1305. The fluid passage 1330 prtferably has a cross- 
sectional shape that pmnita a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this 
manner, the interior region 1370 of the tubular member 1310 below the 
20 expandable mandrel 1305 can be fluididy isolated from the r^on exterior to 
the tubular member 1310, This permits the interior region 1370 of the tubular 
member 1310 below the expandable mandrel 1305 to be pressurized. The fluid 
passage 1330 is prefeably positioned substantially along the centerline of the 
apparatus 1300, 

25 The fluid passage 1330 is preferabfy selected to convey materials such as 

cement, drilling mud or epoxies at flow rates and pressures ranging from about 
0 to 3,000 gallonsAninute and 0 to 9,000 psi in ordo* to optimally fill the 
annular region between the tubular memba 1310 and the new section 1230 of 
the wellbore 1200 with fluidic materials. In a preferred raibodiment, the fluid 

30 passage 1330 includes an inlet geometry that can receive a dart and/or a ball 
sealing member. In t&is manner, the fluid passage 1330 n^n be sealed off by 
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introducing a plug, dart and/or ball sealing elements into the fluid passage 
1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
5 passage 1335 is coupled to and positioned within Uie shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is 
preferably positioned substantially along the centerline of the apparatus 1300. 
The fluid passage 1335 is preferably selected to convey matgnflt^i such as 
cement, drilling mud or epozies at flow rates and pressures ranging from about 
10 0 to 3,000 gallona/xninute and 0 to 9,000 pai in order to optimally fill the 

annular region between the tubular member 1310 and the new section 1230 of 
the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 
1355 of the tubular mendt>er 1310. The aieals 1340 are further positioned on an 
15 outer surface of the upper end portion 1355 of the tubular member 1310. The 
seab 1340 permit the overl^ping joint between the lower end portion of the 
casing 1215 and the upper portion 1355 of the tubular member 1310 to be 
fluididy sealed. The seals 1340 may comprise any number of conventional 
commercial^ available seals such as, for example, lead, rubber, T^on, or epoxy 
20 seals modified in accordance with the teachings of the present disdostffe. In a 
preferred embodiment, the seals 1340 comprise seals molded from Stratalock 
epaxy available from Halliburton Energy Services in Dallas, TX in ordo* to 
optimally provide a hydraulic seal in the annulus of the overlap|Hng joint while 
also creating optimal load bearing capability to withstand typical tensile and 
25 con^vessive loads. 

In a preferred embodiment^ the seab 1340 are selected to optimal^ 
provide a sufficient fiictional force to support the expanded tubular member 
1310 from the existing casing 1215. In a preferred embodiment, the frictional 
force provided by the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in 
30 order to optimally support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sumdent strength to cany the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1345 further indud^ one or more 
conventional centralizers (not tlhistrated) to help stabilize the tubular member 
5 1310. 

In a preferred embodiment, the support member 1345 is thoroughly 
deaned prior to assembly to the remaining portions of the apparatus 1300, In 
this manner, the introduction of foreign material into the ^iparatus 1300 is 
minimis e d . This minimiz es the possibility of foreign material dogging the 
10 various flow passages and valves of the apparatus 1300 and to ensure that no 
foreign material interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 indudes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 
15 may comprise one or more conventional commerdally available wiper plugs 
such as, for example. Multiple Stage Cementer latch-down plugs. Omega latch- 
down plugs or three-wiper latch-down plugmodiGed in accordance with the 
teadiings of the present disdosure. In a preferred embodiment, the wiper plug 
1350 conqirises a Multiple Stage Cementer latch-down plug avaUable from 
20 Halliburton Energy Services in Dallas, TX modified in a conventional manner 
for releasable attachment to the expansion mandrel 1305. 

In a preferred embodim^t, before or after positioning the apparatus 
1300 within the new section 1230 of the wellbore 1200, a couple of wellbore 
volumes are circulated in order to ensure that no foreign materials are located 
25 within the wellbore 1200 that might dog up the various flow passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes 
vfith the extrusion process. 

As iUustrated in Fig. lie, a hardmable fluidic sealing material 1380 is 
then pumped from a surface location into the fluid passage 1320. The material 
30 1380 then passes from the fluid passage 1320, through the fluid passage 1375, 
and into the interiQr region 1370 of the tubular member 1310 below the 
expandable mandrel 1305. The material 1380 then passes from the interior 
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region 1370 into the fluid passage 1330. The material 1380 then exits the 
apparatus 1300 via the fluid passage 1335 and fills the annular region 1390 
between the exterior of the tubular member 1310 and the interior wall of the 
new section 1230 of the wellbore 1200. Continued pumping of the material 
5 1380 causes the material 1380 to fiU up at least a portion of the annuhff region 
1390. 

The material 1380 may be paaq)ed into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallonaMn, respectively. In a preferred embodiment, the material 1380 
10 is pumped into the annular region 1390 at pressures and flow rates ranging 
from about 0 to 5000 psi and 0 to 1,500 gallons/min, respectively, in order to 
optimally fill the annular region between the tubular member 1310 and the new 
section 1230 of the wellbore 1200 with the hardenable fluidic sealing material 
1380. 

15 The hardenable fluidic sealing material 1380 may comprise any number 

of conventional commercially available hardenable fluidic sealing materials such 
as, for example, slag naix, cement or epuqr. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
spedficaUjr for the well section being driUed and available from Halliburton 
20 Enogy Services in order to optimally provide support for the tubular member 
1310 during displacement of the material 1380 in the annular region 1390. The 
optimum blend of the amuaxt is preferabfy determined using conventional 
empirical methods. 

The annular region 1390 preferabfy is filled with the material 1380 in 
25 sufficient quantities to ensure that, upon radial expansion of the tubular 
member 1310, the annular region 1390 of the new section 1230 of the wellbore 
1200 will be filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been 
adequately fiUed with material 1380, a wiper dart 1395. or other similar device, 
30 is introduced into the fluid passage 1320. The wiper dart 1395 is preferably 
pumped through the fluid passage 1320 by a non hardmable fluidic material 
1381. The wiper dart 1395 then preferably engages the wiper plug 1350. 
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As iUustrated in Pig. lie, in a preferred embodiment, engagement of the 
wiper dart 1395 with Oje wiper plug 1350 causes the wiper plug 1350 to 
decouple from the mandrel 1306. The wiper dart 1395 and wiper plug 1350 
then preferably wiU lodge in the fluid passage 1330, thereby blocking fluid flow 
5 through the fluid passage 1830, and fluididy isolating the interior region 1370 
of the tubular member 1310 from the annular region 1390. In a preferred 
embodiment, the non hardenable floidic material 1381 ia then pumped into the 
interior region 1370 causing the interior region 1370 to pressurize. Once the 
interior region 1370 becomes sufficiently pressurized, the tubular member 1310 
10 is extruded o£f of the expandable mandrel 1305. During the extrusion process, 
the expandable mandrel 1305 is raised out of the expanded portion of the 
tubular member 1310 by the support member 1345. 

The wiper dart 1396 is preferably placed into the fluid passage 1320 by 
introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
15 in a conventional manner. The wiper dart 1395 m^ comprise any number of 
conventional commercially avaflable devices from phigging a fluid passage such 
as, for example. Multiple Stage Cementer latch-down plugs. Omega latch-down 
plugs or three wiper latch-down plug/dart modified in accordance with the 
teachings of the present disclosure. In a laeferred embodiment, the wipw dart 
20 1395 comprises a three wiper latch-down phig modified to latch and seal in the 
Multiple Stage Cementer latch down plug 1350. The three wiper latch-down 
plug is available frx>m Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and 
wiper dart 1396, the non hardenable fluidic material 1331 may be pumped into 
25 the interior r^on 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 5000 pei and 0 to 1.500 gallons/^ in order to optimally 
extrude the tubular member 1310 ofl'of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular 
member 1310 ia miwit^ ^ ynff 

30 In a preferred embodimoit, after blo<&ing the fluid passage 1330, the 

non hardenable fluidic material 1381 is preferably pumped into the interior 
r^on 1370 at pressures and flow rates ranging from approximately 500 to 
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9,000 pd and 40 to 3,000 gaOona/min in order to optimally provide operating 
pressures to main t ain the ezpansioQ.process at rates sufficient to permit 
adjustments to be made in operating parametm during the extrusion process. 
For typical tubular members 1310, the extrusion of the tubular member 
5 1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 readies, for example, c^prozimately 500 to 9,000 psi* In a 
preferred embodiment^ the extrusion of the tubular member 1310 off of the 
expandable mandrel 1305 is a function of the tubular member diameter, wall 
thickness of the tubular m^nber, geometry of the mandrel, the type of 
10 lubricant, the composition of the shoe and tubular member, and the yidd 
strength of the tubular member. The optimum flow rate and operating 
pressures are preferably determined using conventional empirical methods. 

During the extrusion process, the expandable mandrel 1305 may be 
raised out of the expanded portion of the tubular member 1310 at rates 
15 ranging, for example, from about 0 to 5 fl/sec In a preferred embodiment, 
during the extrusion process, the expandable mandrel 1305 may be raised out of 
the expanded portion of the tubular member 1310 at rates ranging from about 0 
to 2 ft/sec in order to optimalJbr provide an efficient process, optimal^ permit 
operator adtjustment of operation parameters, and ensxare optimal completion of 
20 theextnisionprocessbeforecuringof the material 1380* 

Whai the upper end portion 1355 of the tubular member 1310 is 
extruded off of the expandable mandrel 1305, the outer surface of the upper end 
portion 1355 of the tubular membo* 1310 will preferably contact the interior 
surface of the lower end portion of the casing 1215 to form an fluid tight 
25 overlapping joint The contact pressure of the overlapping joint may range, for 
example, firom ^proximately 50 to 20,000 paL In a preferred embodiment, the 
contact pressure of the overlapfang joint ranges from approximately 400 to 
10,000 psi in order to optimally provide contact pressure suffident to ensure 
annular sealing and provide enough resistance to withstand typical tensile and 
30 compressive loads. In a particularly preferred embodimrat, the sealing 
members 1340 wilL ensure an adequate fluidic and gaseous seal in the 
overlappingjoint 
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In a prefinred embodiment, the operating pressure and flow rate of the 
non hardenable. fluidic material, 1381 is controllabfy ramped down when the 
expandable noandrel 1305 reaches the upper end portion 1355 of the tubular 
member 1310. In this manner, the sudden release of pressure caused by the 
5 complete extrusion of the tiibular member 1310 off of the expandable mandrel 
1305 can be mmimized. In a preferred embodiment^ the operating pressure is 
reduced in a subatantiaUy linear fashion from 100% to about 10% during the 
end of the extrusion process beginning when the mandrel 1305 has completed 
approximatdty all but about 5 feet of the extrusion process. 
10 Alternatively, or in combination, a shock absorber is provided in the 

support member 1346 in order to absorb the shock caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is 
provided in the upper end portion 1355 of the tubular member 1310 in order to 
15 catch or at least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the weUbore 1200. In a preferred embodiment^ either before or 
after the removal of the expandable mandrel 1305, the integrity of the fluidic 
seal of the over^pping joint between the uppv portion 1355 of the tubular 
20 member 1310 and the lower portion of the casing 1215 is tested using 

conventional methods. If the fluidic seal of the overlapping joint between the 
upper portion 1355 of the tubular member 1310 and the lower portion of the 
casing 1215 is satisfoctozy, then the uncured portion of the material 1380 
within the expanded tubular member 1310 is th&n rraioved in a conventional 
25 manner. The matoiai 1380 within the annular region 1390 is then allowed to 
cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new 
30 section of casing 1400 includes the expanded tubular member 1310 and an 
outer annular layer l405 of cured material 305. The bottom portion of the 
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apparatus 1300 comprising the shoe 1315 may then be removed by drilling out 
the shoe 1315 using conventioQal dnlBng methods. 

Referring now to Pigs, 12 and 13, a preferred embodiment of a wellhead 
system 1500 formed using one or more of the apparatus and processes described 
5 above with reference to Figs. Mlf wiU be described. The wellhead system 1500 
prefo-ably includes a conventional Christnua tree/drilling spool assembly 1505, 
a thick wall casing 1510, an annular body of cement 1515, an outer casing 1520, 
an annular boc^jr of cement 1525, an intermediate casing 1530, and an inner 
casing 1535. 

10 The Christmas tree/drilling spool assembly 1505 may comprise any 

number of conventional Christmas tree/drilling spool assemblies such as, for 
example, the SS-15 Subsea WeUhead System, Spool Tree Subsea Production 
System or the Compact WeUhead System available from suppliers such as Dril- 
Quip, Cameron or Breda, modified in accordance with the ^^^^hmr of the 
15 present disclosure. The drilling spool assembfy 1505 is preferabfy operably 
coupled to the thick wall casing 1510 and/or the outer casing 1520. The 
assonbly 1505 m^ be coupled to the thick waU casing 1510 and/or outer casing 
1520, for example, fay welding, a threaded connection or made from single stock. 
In a prrferred ^nbodim6nt» the aasoably 1505 is coupled to the thick wall 
20 casing 1510 and/or outer casing 1520 by welding. 

The thick wall caaing 1510 is positioned in the upper rad of a wellbore 
1540. In a preferred embodiment^ at least a portion of the thick wall casing 
1510 extends above the surface 1545 in order to optimally provide easy access 
and attachment to the Christnias tree/drilling spool assembly 1505. Thetiiick 
25 waU caaing 1510 is prefmbly coupled to the Christmas tree/dr£ 

ass^nbty 1505, the annular bo^y of cement 1515, and the outer casing 1520. 

The thick wall casing 1510 may comprise any numbCT of conventional 
commorially available hi^ strength wellbore *^ffingH such as, for exan^ile. 
Oilfield Country Tubular Goods, titanium tubing or stainless steel tubing. In a 
30 prefmred embodiment, the thick wall casing 1510 comprises Oilfield Coimtry 
Tubular Goods available from various foreign and domestic steel mills. In a 
preferred embodiment, the thick wall casing 1510 has a yield strength of about 
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40,000 to 135,000 psi in order to optimaUy provide mazimum burst, coUapse, 
and tensile strengths.. In a preferred embodiment, the thick wall casing 1510 
has a failure strength in excess of about 5,000 to 20,000 psi in order to 
optimally provide mazimum operating capacity and resistance to degradation of 
5 capacity after being driUed through for an extended time period. 

The annular body of cement 1515 provides support for the thick wall 
casing 1510. The annular body of cement 1515 may be provided using any 
number of conventional processes for forming an annular bo^y of cement in a 
wellbore. The annular body of cement 1515 m^y comprise any number of 
10 conventional cement mixtures. 

The outer casing 1520 is coupled to the thick wall casing 1510. The outer 
casing 1520 may be fabricated from any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the outer casing 1520 oomprises 
15 any one of (he expandable tubular members desaribed above with referoice to 
Figs. Mlf. 

In a preferred embodiment, the outor casing 1520 is coupled to the thick 
wall casing 1510 by expanding the outer casing 1520 into contact with at least a 
portion of the interior surface of the thick wall casing 1510 using any one of the 

20 embodimmts of the processes and apparatus described above with reference to 
Pip, 1-llf. In an alternative embodiment, substantial^ aU of the overlap of the 
outer casing 1520 with the thick wall casing 1510 contacts with the interior 
surfiace of the thidc waU casing 1510. 

The contact pressure of the intoface between the outer casing 1520 and 

25 the thick wall casing 1510 may range, for example from about 500 to 10,000 
pd. In a preferred anbodima[it, the contact pressure between the outer casing 
1520 and the thick waU casing 1510 ranges from about 500 to 10,000 psi in 
order to optimally activate the pressure activated sealing membos and to 
ensure that the ovoiiqiping joint will optimally withstand typical extremes of 
30 tensile and compressive loads that are expoienced during drilling and 
production operatiens. 
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As illustrated in Fig. 13, in a partiailarly preferred embodiment, the 
upper end of the outer casing 1520 includes one or more sealing members 1550 
that provide a gaseous and fluidic seal between the expianded outer casing 1520 
and the interior wall of the thick wall casing 1510. The sealing members 1550 
5 may comprise any number of conventional commercially available seals such as, 
for example, lead, plastic, rubber, Teflon or epoxy, modified in accordance with 
the teachings of the present disclosure. In a prrferred embodiment, the sealing 
members 1550 comprise seals molded from StrataLock eposqr available from 
Halliburton Energy Snvices in order to optimally provide an hydraulic seal and 
10 a load bearing interference fit between the tubular members. In a preferred 
embodiment, the contact pressure of the interface between the thick wall casing 
1610 and the outer casing 1520 ranges from about 500 to 10,000 psi in order to 
optimally activate the sealing members 1550 and also optimaUy ensure that the 
joint will withstand the typical operating extremes of tensile and compressive 
15 loads during drilling and production operations. 

In an alternative preferred ^nbodiment, the outer casing 1520 and the 
thick walled casing 1510 are combined in one unitary member. 

The a nn u lar body of cement 1525 provided support for the outw casing 
1520. In a preferred embodiment, the annular body of cement 1525 is provided 
20 using any one oif the embodiments of the apparatus and processes described 
above with reference to FlgB. l*llf 

The intermediate casing 1530 may be coupled to the outer casing 1520 or 
the tfaidL wall casing 1510. In a preferred embodim»t, the intermediate casing 
1530 is coupled to the thick wall casing 1510. The intermediate casing 1530 
25 may be fidiricated fnm any number of conventional oommerciaUy available 
tubular members modified in accordance with the teachings of the present 
disclosure. In a prefOTed embodiment, the intermediate casing 1530 comprises 
any one of the expandable tubular members described above with reference to 
Figs. 1-llf. 

30 In a preferred embodiment, the intermediate casing 1530 is coupled to 

the thick wall casing 1510 by expanding at least a portion of the intermediate 
casing 1530 into contact with the interior surface of the thick wall casing 1510 
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using any one of the processes and iq)paratus described above with reference to 
Pigs. 1-llf. In an alternative preferred embodiment, the entire length of the 
overlq) of the intermediate casing 1530 with the thick wall casing 1510 contacts 
the inner surface of the thick wall casing 1510. The contact pressure of the 
5 interface betwe^ the intermediate casing 1530 and the thick wall casing 1510 
may range, for example firom about 500 to 10,000 psi. Inapreferred 
embodiment, the contact pressure between the intermediate casing 1530 and 
the thick waU casing 1510 ranges from about 500 to 10,000 psi in order to 
optimally activate the pressiu^ activated sealing members and to optimally 
10 ^ure that the joint will withstand typical operating extremes of tensile and 
compressive loads experienced during drilling and production operations. 

As illustrated in Fig. 13, in a particularly preferred embodiment, the 
upper end of the intermediate casing 1530 includes one or more sealing 
members 1560 that provide a gaseous and fluidic seal between the expanded 
15 end of the intennediate casing 1530 and the interior wall of the thick wall 
casing 1510. The sealing members 1560 may comprise any number of 
conventional commercially available seals such as, for example, plastic, lead, 
rubber. Teflon or epoxy, modified in accordance with the teachings of the 
present disdosure. In a preferred embodiment, the sealing members 1560 
20 comprise seals molded from StrataLock epaxy availabte from Halliburton 
Energy Savioes in order to optimally provide a hydraulic seal and a load 
bearing interfmnoe fit between the tubular members. 

In a prefmed embodiment* the contact pressure of the interface between 
the expanded end of the intermediate casing 1530 and the thick wall casing 
25 1510 ranges bom about 500 to 10,000 psi in order to optimally activate the 
sealing members 1560 and also optimally ensure that the joint wiU withstand 
typical operating extremes of tensile and compressive loads that are 
expmenced during drilling and production operations. 

The inner casing 1535 may be coupled to the outer casing 1520 or the 
30 thick wall casing 1510. In a preferred embodiment, the inner casing 1535 is 
coupled to the thick wall casing 1510. The inner casing 1535 may be fabricated 
from any number of conventional commercially available tubular members 
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modified in accordance with the teachings of the present diaclosure. In a 
preferred embodiment^, the iimer ca3ing 1535 comprises any one of the 
expandable tubular members described above with reference to Figs. Mlf 

In a preferred embodiment, the inner casing 1535 is coupled to the outer 
5 casing ISiSO by expanding at least a portion of the inner casing 1535 into 
contact with the intwior surface of the thidc wall casing 1510 using any one of 
the processes and apparatus described above with refer^ce to Figs, 1-llf. In 
an alternative preferred embodiment, the entire length of the overlap of the 
inner casing 1535 with the thick wall casing 1510 and intermediate casing 1530 
10 contacts the inner surfaces of the thick wall casing 1510 and intermediate 
casing 1530. The contact pressure of the interface between the inner casing 
1535 and the thick wall casing 1510 may range, for example from about 500 to 
10,000 psi. In a preferred embodiment, the contact pressure between the inner 
casing 1535 and the thick wall casing 1510 ranges from about 500 to 10,000 psi 
15 in order to optimally activate the pressing activated sealing members and to 
ensure that the joint will withstand typical extremes of tensile and compressive 
loads that are commonly experienced during drilling and production operations. 

As illustrated in Fig. 13, in a particularly preferred embodiment, the 
upper end of the inner casing 1535 includes one or more sealing members 1570 
20 that provide a gaseoua and fluidic seal between the expanded end of the inner 
casing 1535 and the interior wall of the thick wall casing 1510. The sealing 
members 1570 may- comprise any number of conventional commercially 
available seals such aa, for example, lead, plastic, rubba. Teflon or epaxy, 
modified in aooordanoe with the teachings of the present disdosure. In a 
25 preferred embodiment, the sealing members 1570 comprise seals molded irom 
StrataLock epo^ available from Halliburton Energy Services in order to 
optimally provide an hydraulic seal and a load bearing interference fit. In a 
preferred embodiment^ the contact pressure of the interface between the 
expanded end of the inner casing 1535 and the thick Mrall casing 1510 ranges 
30 firom about 500 to 10,000 psi in order to optimaU|y activate the sealing members 
1570 and also to optiinally ensure that the joint will withstand typical operating 
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extremes of tensile and compressive loads that are eacperienced during drilling 
and production operi^tions. 

In an alternative embodiment, the inner casings, 1520, 1530 and 1535, 
may be coupled to a previously positioned tubular member that is in turn 
5 coupled to the outer casing 1510. More generally, the present preferred 
embodiments may be used to form a concentric arrangement of tubular 
members. 

Referring now to Figures 14a, 14b, 14c 14d. 14e and 14f, a preferred 
embodiment of a method and apparatus for forming a mono-diameter well 
10 casing within a subterranean formation will now be described. 

As iUustrated in Fig. 14a, a weUbore 1600 is positioned in a subterranean 
formation 1605. A first section of casing 1610 is formed in the wellboi« 1600. 
The first section of casing 1610 includes an annular outer body of cement 1615 
and a tubular section of casing 1620. The first section of casing 1610 may be 
15 formedin the wellbore 1600 using conventional methods and ^>paratus. In a 
preferred embodiment, the first section of casing 1610 is formed using one or 
more of the methods and ammratus described above with reference to Figs. 1-13 
or below with reference to FigB. 14b-17b. 

The annu l ar bodj of cemmt 1615 may comprise any number of 
20 conventional commercially available cement, or other load bearing, 
compositions. Alternatively, the bo^y of cement 1615 may be omitted or 
replaced with an epoj^ mixture. 

The tubular section of casing 1620 preferably includes an upper end 1625 
and a lower md 1630. Preferabfy, the lower end 1625 of the tubular section of 
25 casing 1620 indudes an outer annular recess 1635 ext»dingfix)m the lower 
end 1630 of the tubular section of casing 1620. In this manner, the lower end 
1625 of the tubular section of casing 1620 includes a thlw walled section 1640. 
In a preferred embodimenti an awi^nli^r boc^y 1645 of a compressible material is 
coupled to and at least partially positioned within the outer annular recess 
30 1635. In this manner, the body of conqsressible material 1645 surrounds at 
least a portion of the thin walled section 1640. 
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The tubular section of casing 1620 may be fabricated from any number of 
conventional commercially available, materials such as, for example, oilfield 
country tubular goods, stainless steel, automotive grade steel, carbon steel, low 
alloy steel, fiberglass or plastics. In a preferred embodiment, the tubular 
5 section of casing 1620 is fabricated from oilfield country tubular goods available 
from various foreign and domestic steel mills. The wall thielmeMg of the thm 
walled section 1640 may range fit>m about 0.125 to 1.5 i&ches. In a preferred 
embodiment, the wall thidness of the thin walled section 1640 ranges from 
0.25 to 1.0 inches in order to optimal^ provide burst strength for typical 

10 operational conditions while also minimizing resistance to radial expansion. 
The axial length of the thin walled section 1640 may range from about 120 to 
2400 inches. In a preferred embodiment, the axial length of the thin walled 
section 1640 ranges from about 240 to 480 inches. 

Tbe annular bocly of compressible material 1645 helps to minimize the 

15 radial force required to expand the tubular casing 1620 in the overlap with the 
tubular member 1715, helps to create a fluidic seal in the overiap with the 
tubular member 1715, and helps to create an interference fit sufficient to 
permit the tubular member 1715 to be supported by the tubular casing 1620. 
The annular body of compressible material 1645 may comprise any number of 

20 commercially available cominssible materials such as,' for example, epoxy, 
rubber, Teflon, plastics or lead tubes. In a preferred embodiment, the annular 
body of compressible material 1645 comprises StrataLodc epoxy available from 
Halliburton Energy Services in order to optimailty provide an tv^draulic seal in 
the overlq>ped joint vdiile also having compliance to Qkmby minimize the 

25 radial force required to expand the tubular casing. Thewall thickness of the 
annular bo4y of compressible material 1645 may range from about 0.05 to 0.75 
inches. In a preferred embodiment, the wall thirJmoftfl of the «Tiniilar body of 
compressible material 1645 ranges from about 0.1 to 0.5 inches in order to 
optimally provide a large compressible zone, minimize the radial forces required 

30 to expand the tubular casing, provide thirtm^MMi for casing slrings to provide 
contact with the inner surface of the wellbore upon radial expansion, and 
provide an hydraulic seal. 
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As illustrated in Fig. 14b, in order to eartend the wellbore 1600 into the 
subterranean formation 1609, a^dril). string is used in a well known manner to 
drill out material firom the subterranean formation 1605 to form a new wellbore 
section 1650. The diameter of the new section 1650 is prrferabiy equal to or 
5 greater than the inner diameter of the tubular section of casing 1620. 

As illustrated in Fig. 14c, a preferred embodiment of an apparatus 1700 
for forming a mono-diameter wellbore casing in a subterranean formation is 
then positioned in the new section 1650 of the wellbore 1600. The apparatus 
1700 preferably includes a support member 1705, an expandable mandrel or pig 
10 1710, a tubular member 1715, a shoe 1720, slips 1725, a fluid passage 1730, one 
or more fluid passages 1735, a fluid passage 1740, a first compressible annnlOT 
body 1745, a second compressible annular body 1750, and a pressure chamber 
1765. 

The suppcnt memba 1705 supports the apparatus 1700 within the 

15 wellbore 1600. The support member 1705 is coupled to the mandrel 1710, the 
tubular member 1715, the shoe 1720, and the slips 1725. The support member 
1075 preferably comprises a substantially hollow tubular member. The fluid 
passage 1780 is positioned within the support member 1705. The fluid passages 
1735 fluidiciy couple the fluid passage 1730 with the pressure chamber 1755. 

20 The fluid passage 1740 fluidiciy couples the fluid passage 1730 with the region 
outside of the apparatus 1700. 

The support member 1705 may be fabricated from any numbo* of 
conventional commerciaUiy available materials such as, for example, oilfield 
country tubular goods, stainless sted, low alloy steel, carbon steel, 13 chromium 

25 steel, fiberglass, or other high strmgth materials. In a prrferred embodiment, 
the support member 1705 is fabricated from oilfield oountiy tubular goods 
available from various foreign and domestic sted milla in order to optimal^ 
provide operational strength and faciliate the use of other standard oil 
eq»loration handling equipment In a preferred embodunoit, at least a portion 

30 of the support monber 1705 comprises coiled tubing dr a drill pipe. In a 
particularly preferred embodiment, the support member 1705 includes a load 
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shoulder 1820 for supporting the mandrel 1710 when the pressure chamber 
1755 is unpressurized. 

The mandrel 1710 is supported by and sttdingly coupled to the support 
member 1705 and the shoe 1720. The mandrel 1710 preferably includes an 
5 upper portion 1760 and a loww portion 1765. Preferably, the upper portion 
1760 of the mandrel 1710 and the support monber 1705 together ddine the 
pressure chamber 1755. Preferably, the lower portion 1765 of the mandrel 
1710 includes an expansion member 1770 for radially expanding the tubular 
member 1715. 

10 In a preferred embodiment, the upper portion 1760 of the mandrel 1710 

includes a tubular member 1775 having an inner diameter greater than an 
outer diameter of the support member 1705. In this manner, an annular 
pressure chamber 1755 is defined by and positioned between the tubular 
member 1775 and the support member 1705. The top 1780 of the tubular 

15 member 1775 preferably includes a bearing and a seal for sealing and 

supporting the top 1780 of the tubular member 1775 against the outer surface 
of Uie support member 1705. The bottom 1785 of the tubular m^iber 1775 
preferabfy includes a bearing and seal for sealing and supporting the bottom 
1785 of the tubular member 1775 against the outer surface of the support 

20 member 1705 or shoe 1720. In this manner, the mandrel 1710 moves in an 
axial direction upon the pressurizafcion of the pressure chamber 1755. 

The lower portion 1765 of the mandrel 1710 preferably indudee an 
expansion member 1T70 for radially expanding the tubular member 1715 
during the pressurizationofthe pressure chamber 1755. Inapreferred 

25 embodiment, the expansion member is expandable in the radial direction. In a 
prefmed embodiment^ the inner surface of the lower portion 1765 of the 
mandrel 1710 mates with and slides with respect to the outer surface of the 
shoe 1720. The outer diametv of the expansion member 1770 may range from 
about 90 to 100 % of the inner diameter of the tabular casing 1620. In a 

30 preferred embodiment, the outer diameter of the expansion member 1770 
ranges from about.SS to 99 % of the inner diameter of the tubular casing 1620. 
The expansion member 1770 may be fabricated bom any numbor of 
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conventional commercially available materials such as, for example, machine 
tool steel, ceramics, tungsten carbide, titEUiium or other high strength alloys. In 
a preferred embodiment, the expansion member 1770 is fabricated from D2 
machine tool steel in order to optimally provide high strength and abrasion 
5 resistance. 

The tubular member 1715 is coupled to and supported by the support 
member 1705 and slips 1725. The tubular member 1715 includes an upper 
portion 1790 and a lower portion 1795. 

The upper portion 1790 of the tubular member 1715 preferably includes 
10 an inner annular recess 1800 that extends from the upper portion 1790 of the 
tubular member 1715. In this manner, at least a portion of the upper portion 
1790 of the tubular member 1715 includes a thin waUed section 1805. The first 
compressible annular member 1745 is preferably coupled to and supported by 
the outer surface of the upper portion 1790 of the tubular member 1715 in 
15 opposing relation to the thin wall section 1806. 

The lower portion 1795 of the tubular member 1715 prefmbly includes 
an outer annular recess 1810 that extends fit>m the lower portion 1790 of the 
tubular member 1715. In this manner, at least a portion of the lower portion 
1795 of the tubular member 1715 indudes a thin walled section 1815. The 
20 second compressible annular member 1750 is coupled to and at least partially 
supported within the outer annular recess 1810 of the upper portion 1790 of the 
tubular member 1715 in opposing relation to the thin wall section 1815. 

The tubular member 1715 may be fabricated fit)m any number of 
conventional commerdaUy available matirials such as, for exan^ile, oilfield 
25 countiy tubular goods, stainless ated, low aHoy steel, carbon steel, automotive 
grade steel, fiberglass, 13 chrome steel, othw high stragth material, or high 
strragth plaatica. In a prrferred embodiment, the tubular member 1715 is 
fabricated from oilfield countiy tubular goods available from various foreign 
and domestic sted mills in order to optimally provide operational strength. 
30 The shoe 1720 is supported by and coupled to the support member 1705. 

The shoe 1720 preferably comprises a siibstantially hollow tubular member. In 
a preferred embodiment, the wall »i*iVim<>g g of the shoe 1720 is greater than the 
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wall thickness of the support member 1705 in order to optimally provide 
increased rodial support to the mandrel 1710. The shoe 1720 may be fabricated 
from any nxmiber of conventional commercially available materials such as, for 
example, oilBeld countzy tubular goods, stainless steel, automotive grade steel, 
5 low alloy steel, carbon sted, or high strength plastics. In a preferred 
embodiment, the shoe 1720 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally 
provide matching operational strength throughout the apparatus. 

The slips 1725 are coupled to and supported by the support member 

10 1705. The slips 1725 removabfy support the tubular member 1715. In this 
maxmw, during the radial expansion of the tubular memba 1715, the slips 
1725 help to maintain the tubular member 1715 in a substantially stationary 
position by preventing upward movement of the tubular member 1715. 

The slips 1725 may comprise any number of conventional commercially 

15 available slips such as, for example, RTTS packer tungsten carbide mechanical 
slips, RTTS packer wicker type mechanical slips, or Model 3L retrievable bridge 
plug tungsten carbide upper mechanical slips. In a preferred embodiment, the 
slips 1725 comprise RTTS packer tungsten carbide mechanical sUps available 
from Halliburton Energy Services. In a prefored embodiment, the sUps 1725 

20 are adapted to support axial forces ranging from about 0 to 750,000 Ibf. 

The fluid passage 1730 oonvq^a fluidic materials from a surface location 
into the interior of the support member 1705» the pressure chamber 1755, and 
the region exterior of the apparatus 1700« The fluid passage 1730 ia fludidy 
coupled to the pressure chamber 1755 by the fluid passages 1735. The fluid 

25 passage 1730 is fluidi^ coupled to the region exterior to the apparatus 1700 by 
the fluid passage 1740. 

In a preferred embodiment, the fluid passage 1730 is adapted to convey 
fluidic materials such as, for example, cement, qwzy, drilling muds, slag mix, 
water or drilling gassea. In a preferred embodim^t, the fluid passage 1730 is 

30 adapted to convey fluidic materials at flow rate and pressures ranging from 
about 0 to 3,000 gallong/minute and 0 to 9,000 psi. in order to optimally provide 
flow rates and operational pressures for the radial expansion processes. 
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The fluid passages 1735 convey fluidic material firom the fluid passage 
1730 to the pressure chamber 1755, In a preferrecj embodiment, the fluid 
passage 1735 is adapted to convey fluidic materials such aa« for example, 
cement, epozy, drilling muds, water or drilling gasses. In a preferred 
5 embodiment^ the fluid passage 1735 is adapted to convey fluidic materials at 
flow rate and pressures ranging from about 0 to 500 gallons/minute and 0 to 
9,000 pai. in order to optimaUjr provide operating pressures and flow rates for 
the various expansion processes. 

The fluid passage 1740 conveys fluidic materials from the fluid passage 
10 1730 to the region exterior to the apparatus 1700. In a preferred embodiment, 
the fluid passage 1740 is axlapted to convey fluidic materials such as, for 
example, cement, epoxy, drilling muds, water or drilling gasses. In a preferred 
embodiment, the fluid passage 1740 is adapted to convey fluidic nuterials at 
flow rate and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
15 9,000 pel. in order to optimal^ provide operating pressures and flow rates for 
the various radial expansion processes. 

In a preferred embodiment, the fluid passage 1740 is adapted to receive a 
plug or other similar device for sealing the fluid passage 1740. In this manner, 
the pressure chamber 1755 may be pressurized 
20 The first compressible annular body 1745 is coupled to and supported by 

an exterior surface of the uppv portion 1790 of the tubular m^iber 1715. In a 
preferred embodiment, the first compressible nnnnlAr bo4y 1745 is positioned 
in opposing relation to the thin walled section 1805 of the tubular memba 
1715. 

. 25 The first compressible anfnil«y bo^y 1745 helps to minimize the radial 

force required to eoqmnd the tubular member 1715 in the overlap with the 
tubular casing 1620, helps to create a fluidic seal in the overlap with the tubular 
casing 1620, and helps to create an interference fit sufficient to permit the 
tubular member 1715 to be supported by the tubular casing 1620. The first 
30 compressible a nn u l a r body 1745 may comprise any number of commercially 
available compresaible materials such as, for example, epoxy, rubber, Teflon, 
plastics, or hoUow lead tubes. In a preferred embodiment, the first 
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compressible annular bo^ 1745 comprises StrataLock epoxy available from 
Halliburton Energy Services in order to optimally provide an hydraulic seal, 
and compressibility to minimize the radial expansion force. 

The wall thickness of the first con4>re8sible annular body 1745 may 
5 range from about 0.05 to 0.75 inches- In a preferred embodiment^ the waU 
thickness of the first compressible annular body 1745 ranges from about 0.1 to 
0.5 inches in order to optimally (1) provide a large compressible zone, (2) 
minimize the required radial eaqmnsion force, (3) laransfer the radial force to the 
tubular casings. As a result, in a preferred embodimrat, overaU the outer 
10 diameter of the tubular member 1715 is approximately equal to the overall 
inner diameter of the tubular member 1620. 

The second compressible annular body 1750 is coupled to and at least 
partially supported within the outer annular recess 1810 of the tubular member 
1715. In a preferred embodiment, the second con^nressible annular body 1750 
15 is positioned in opposing relation to the thin walled section 1815 of the tubular 
member 1715. 

The second compressible annular body 1750 helpe to minimize the radial 
force required to expand the tubular membo- 1715 in the overli^ with another 
tubular member, helps to create a fiuidtc seal in the overlap of the tubular 

20 member 1715 with another tubular member, and helpe to create an interf^ence 
fit sufficient to permit anothv tubular member to be supported by the tubular 
member 1715. The second compressible annular body 1750 may comprise any 
number of commerdaU7 available con^nressible tn«*fln>lg such as, for example, 
epoxy, rubber. Teflon, plastics or hollow lead tubing. Inapreferred 

25 embodimmt, the first conqiressible annular body 1750 compri^ 

epo^ available from Halliburton Energy Services in order to optimally provide 
an hydraulic aeal in the overlan^ed joint, and compressibility that minimizes 
the radial expansion force. 

The wall thickness of the second compressible «nnii)i^r bo4y 1750 may 

30 range fit)m about 0.05 to 0.75 inches. In a preferred embodiment, the wall 
thickness of the second compressible annular body 1750 ranges fitim about 0.1 
to 0.5 inches in order to optimally provide a large compressible zone, and 
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minimize the radial force required to ezpemd the tubular member 1715 during 
subsequent radial ezpansioii operations. 

In an alternative embodiment, the outside diameter of the second 
compressible annular bo^ 1750 is adapted to provide a seal against the 
5 siuTounding formation thereby ftKminnfiTig the need for an outer annular body 
of cement 

The pressure chamber 1755 is fludidy coupled to the fluid passage 1730 
by the fluid passages 1735. The pressure chamber 1755 is preferably adapted to 
receive fluidic materials such as, for example, drilling muds, water or drilling 
10 gases. In a preferred embodiment, Uie pressure chamber 1755 is adapted to 
receive fluidic materials at flow rate and pressures ranging from about 0 to 500 
gallons/minute and 0 to 9,000 psi. in order to optimally provide expansion 
pressure. In a preferred ^nbodiment, during pressurization of the pressure 
chamber 1755, the operating pressure of the pressure diamber ranges from 
15 about 0 to 5,000 psi in order to optimally provide expansion pressure while 
minimizing the possibility of a catastrophic failure due to over pressurization. 

As illustrated in Fig. 14d, the apparatus 1700 is preferably positioned in 
the wellbore 1600 with the tubular membn 1715 positioned in an overlapping 
relationship with the tubular casing 1620. In a particularly preferred 

20 embodiment* the thin wall sections, 1640 and 1805, of the tubular casing 1620 
and tubular member 1725 are positioned in opposing overlapping relation. In 
this manner, the radial expansion of the tubular member 1725 will compress 
the thin wall sections, 1640 and 1805, and annul iir compressible members, 1645 
and 1745, into intimate contact 

25 After positioning of the ^paratus 1700, a fluidic material 1825 is then 

pumped into the fluid passage 1730. The fluidic material 1825 may comprise 
any number of conventional commercially available materials such as, for 
example, water, drilling mud, drilling gases, cem^t or ^poxy. In a preferred 
embodiment, the fluidic material 1825 com|nrises a hardenable fluidic sealing 

30 material such as, for exan^ile, cement in order to provide an outer annular body 
around the expanded tubular member 1715. 
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The fiiiidic material 1825 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates, for example, ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 

The fluidic material 1825 pumped into the fluid passage 1730 passes 
5 through the fluid passage 1740 and outside of the apparatus 1700. The fluidic 
material 1825 fills the annular r^on 1830 between the outside of the 
apparatus 17D0 and the interior walls of the wellbore 1600. 

AsiUuslzatedinPig; 14e, a plug 1835 is then introduced into the fluid 
passagel730. The plug 1835 lodges in the inlet to the fluid passage 1740 
10 fluididy isolating and bloddng off the fluid passage 1730. 

A fluidic material 1840 is then pumped into the fluid passage 1730. The 
fluidic material 1840 may comprise any number of conventional commercially 
available materials such as, for example, wat^, drilling mud or drilling gases. 
In a preferred embodiment, the fluidic material 1825 comprises a non- 
15 hardenafale fluidic material such as, for example, drilling mud or drilling gases 
in order to optimally provide pressurization of the pressure chamber 1755. 

The fluidic material 1840 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates ranging, for example, from about 0 to 9,000 
psi and 0 to 500 gallons/minute. In a preferred embodiment^ the fluidic 
20 material 1840 is pumped into the fluid passage 1730 at operating pressures and 
flow rates ranging from about 500 to 5,000 psi and 0 to 500 gallons^ninute in 
order to optimal^ provide operating pressures and flow rates for radial 
expansion. 

Hie fluidic mat«ial 1840 pumped into the fluid passage 1730 passes 
25 through the fluid passages 1735 and into the pressure chamber 1755. 
Continued pumping of the fluidic material 1840 pressurizes the pressure 
chambv 1755. The pressurization of the pressure chamber 1755 causes the 
mandrel 1710 to move relative to the support member 1705 in the directioo 
indicated by the arrows 1845. In this manner, the mandrel 1710 will cause the 
30 tubular m^« 1715 to expand in the radial direction. 

During the radial expansion process, the tubular memb« 1715 is 
prevented from moving in an upward direction by the slips 1725. A length of 
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the tubular member 1715 is then expanded in the radial direction throu^ the 
pressurizatipn of the pressure chaoiber 1755. The length of the tubular 
member 1715 that is expanded during the expansion process will be 
proportional to the stroke length of the mandrel 1710. Upon the completion of 
5 a stroke, the operating pressure of the pressure chamber 1755 is then reduced 
and the mandrel 1710 drops to it rest position with the tubular member 1715 
supported by the mandrel 1715. The position of the support member 1705 may 
be adjusted throu^out the radial expansion process in order to moinfaiin the 
overlapping relationship between the thin walled sections, 1640 and 1805, of 
10 the tubular casing 1620 and tubular member 1715. The stroking of the 

mandrel 1710 is then repeated, as necessary, imtU the thir^ walled section 1805 
of the tubular member 1715 is expanded into the thin walled section 1640 of the 
tubular casing 1620* 

In a prefOTed embodiment, during the final stroke of the mandrel 1710, 
15 the slips 1725 are positioned as dose as possible to the thin walled section 1805 
of the tiibular member 1715 in ord« minimize slippage between the tubular 
member 1715 and tubular casing 1620 at the end of the radial expansion 
process. Alternatively, or in addition, the outside diameter of the first 
compressive annular member 1745 is sheeted to ^isure sufficient interference 
20 fit with the tubular casing 1620 to prevent aadal displacement of the tubular 
member 1715 during the final stroke. Alternatively, or in addition, the outside 
diameter of the second compressive apffuhr bo4y 1750 is large enough to 
provide an int»feraioe fit with the inside walls of the wellbora 1600 at an 
earlier point in the radial expansion process so as to prevent further axial 
25 displacement of the tubular member 1715. In this final alternative, the 
interference fit is preferably selected to permit expansion of the tubular 
member 1715 by pulling the mandrel 1710 out of the weUbore 1600, without 
having to pressurize the pressure chamber 1755. 

During the radial expansion process, the pressurized areas of the 
30 s^paratus 1700 are limited to the Quid passages 1730 within the support 
member 1705 and the pressure chamber 1755 within the mandrel 1710. No 
fluid pressure acts directly on the tubular member 1715. This permits the use 
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of operating pressures higher than the tubular member 1715 could nonnaUy 
withstand. 

Once the tubular member 1715 has been completely expanded off of the 
mandrd 1710, the support member 1705 and mandrel 1710 are removed from 
5 the wellbore 1600. In a preferred embodiment^ the contact pressure between 
the deformed thin wall sections, 1640 and 1805, and compressible annular 
members, 1645 and 1745, ranges from about 400 to 10,000 psi in order to 
optimally support the tubular member 1715 using the tubular casing 1620. 

In this manner, the tubular member 1715 is radially expanded into 
10 contact with the tubular casing 1620 by pressurizing the interior of the fluid 
passage 1730 and the pressure chambo* 1755. 

As illtistrated in Fig. 14f, in a preferred embodiment, once the tubular 
member 1715 is conqilete^ expanded in the radial direction by the mandrel 
1710, the support member 1705 and mandrd 1710 are removed from the 
15 wellbore 1600. In a preferred embodinient, the annular body of hardenable 
fluidic material is thai allowed to cure to form a rigid outer annular body 1 850. 
In the case where the tubular member 1715 is slotted, the hardraable fluidic 
material will preferah^ permeate and envdop the eqmnded tubular member 
1715. 

20 The resulting new section of wellbore casing 1855 includes the expanded 

tubular messber 1715 and the rigid outer annular body 1850. The overlapping 
joint 1860 between the tubular casing 1620 and the expanded tubular member 
1715 includes the dtformed thin wall sections, 1640 and 1805, and the 
compressible annular bodies, 1645 and 1745. The inner diameter of the 

25 resulting oombmed wellbore casings is substantially constant In thia manner, 
a mono-diameter wellbore casing is formed. This process of expanding 
overlapping tubular mmhm having thin wall end portions with compressible 
annular bodies into contact can be repeated for the entire length of a wellbore. 
In this manner, a mono-diameter wellbore casing can be provided for thousands 

30 of feet in a subterranean formation. 

Referring now Co Figures 15, 15a and ISb, an embodiment of an 
apparatus 1900 for expanding a tubular member will be described. The 
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apparatus 1900 preferably includes a drillpipe 1905, an innerstriag adapter 
1910, a sealing sleeve 1915, an inner .sealing mandrel 1920, an upper sealing 
head 1925, a lower sealing head 1930, an outer sealing mandrel 1935, a load 
mandrel 1940, an expansion cone 1945, a mandrel launcher 1950, a mechanical 
5 slip body 1956, mechanical slips 1960, drag blocks 1965, casing 1970, and ttuid 
passages 1975, 1980, 1985, and 1990. 

The drillpipe 1906 is coupled to the innerstring adulter 1910. During 
operation of the apparatus 1900, the diiUpipe 1905 supports the apparatus 
1900. The drillpipe 1905 preferably comprises a substantiaUyhonow tubular 
10 member or membera. The driUpipe 1905 may be fabricated from any number of 
conventional commercial^ available materials such as, for example, oilfield 
country tubular drillpipe, fiber^ass or coiled tubing. In a |veferred 
onbodimrat, the drilliape 1905 is fabricated from cofled tubing in order to 
fadliate the placement of the ^iparatus 1900 ta non-veitieal weUbores. The 
15 drillpipe 1905 may be coupled to the innerstring adaptor 1910 using any 
number of conventional commercially available mechanical couplings such as, 
for example, drillpipe connectors, OCTG specialty type box and pin connectors, 
a ratdietplatch type connector or a standard box by pin connector. In a 
pr^erred embodiment, the drillpipe 1905 is removably coupled to the 
20 innerstring ad^ter 1910 by a drillpipe connection. 

The drillpipe 1905 preferably includes a fluid passage 1975 that is 
adapted to conv^ fluidic n iat4> ri ala from a surface location into the fluid 
passage 1980. In a preferred onbodiment, the fluid passage 1975 is adapted to 
convey fluidic mat ^ rialw such as, for examfde, ounoit, drilling mud, epaxy or 
25 lubricants at operating poressures and flow rates ranging from about 0 to 9,000 
pd and 0 to 3,000 gallonsAninute. 

The innerstring adapter 1910 is coupled to tho drill string 1905 and the 
sealing sleeve 1915. The innerstring adapter 1910 preferably comprises a 
substantially hollow tubular member or members. The innerstring adapts 
30 1910 may be fabricated from any numba of conventional commercially 
available materials, sudi as, for example, oil country tubular goods, low alloy 
steel, carbon steel, stainless steel or other hi^ strength materials. In a 
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preferred embodiment^ the umerstiing adapter 1910 is fabricated from oilfield 
country tubular goods in order to opjkimally provide mechanical properties that 
closely match those of the drill string 1905. 

The innerstring adapter 1910 may be coupled to the drill string 1905 
5 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connectors, oilfield country tubular goods 
specialty type threaded connectors, ratchet-latch type stab in connector, or a 
standard threaded connection. In a preferred embodiment, the innerstring 
adapter 1910 is removably coupled to the drill pipe 1905 by a drillpipe 

10 connection. The innerstring adapter 1910 may be coupled to the sealing sleeve 
1915 using any number of conventional commerdaQy available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded coimector, ratchet-latch type stab in connectors, 
or a standard threaded connection. In a prefixed embodiment, the innerstring 

15 adapter 1910 is r^ovably coupled to the sealing sleeve 1915 by a standard 
threaded connection. 

The innerstring adapter 1910 preferably indudea a fluid passage 1980 
that is adapted to convey fluidic materials from the fluid passage 1975 into the 
fluid passage 1985. In a preferred embodiment, the fluid passage 1980 is 

20 adapted to convey flw'dic materials such as, for example, cement, drilling mud, 
epozy, or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 pel and 0 to 3,000 gallona^ninute. 

The sealing sleeve 1915 is coupled to the iimerstring ad^ter 1910 and 
the inner sealing mandrel 1920. The sealing sleeve 1915 preferab^ comprises a 

25 substantial^ hollow tubular member or monbaa. The sealing sleeve 1915 may 
be fabricated from any number of conventional oonunerdally available 
materials such as, for example, oilfield country tubular goods, carbon sted, low 
alloy steel, stainless sted or other hi^ strength materials. Inaprefored 
embodiment, the sealing aleeve 1915 is fabricated from oilfield country tubular 

30 goods in order to optimally provide mechanical propertiee that subatantially 
match the remaining components of the apparatua 1900. 
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The sealing sleeve 1915 may be coupled to the innerstring adapter 1910 
using any number of conventional oommerdaUy available mechanical couplings 
such as, for example, driUpipe connection, oilfield country tubular goods . 
specialty type threaded connection, ratchet-latch type stab in connection, or a 
5 standard threaded connection. In a preferred embodiment, the sealing sleeve 
1915 is removably coupled to the innerstring adapter 1910 1^ a standard 
threaded connection. The sealing sleeve 1915 may be coupled to the inner 
sealing mandrel 1920 using any number of conventional conmiwdally available 
mechanical couplings such as, for eiample, driUpipe connection, oilfield country 
10 tubular goods specialty type threaded connection, or a standard threaded 
connection. In a preferred embodimenti the sealing sleeve 1915 is removably 
coupled to the inner sealing mandrd 1920 by a standard threaded connection. 

The sealing sleeve 1915 preferably includes a fluid passage 1985 Uiat is 
adapted to convey fluidic materials from the fluid passage 1980 into the fluid 
15 passage 1990. In a preferred embodiment, the fluid passage 1985 is adapted to 
convey fluidic materials such as, for example, cement, drilling mud, epoxy or 
lubricants at operating pressures and flovr rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 

The iima sealing mandrel 1920 is coupled to the sealing sleeve 1915 and 
20 the lower sealing head 1930. The innar sealing mandrel 1920 preferably 
comprises a substantiaUy hollow tubular member or members. The inner 
sealing mandrel 1920 may be fabricated bom any number of conventional 
oonmiercially available materiala such as, for examide» oilfidd country tubular 
goocb, stainless steel, low alloy steel, carbon steel or oths similar ht^ strength 
25 materiala. In a preferred embodiment, the inner sealing mandrd 1920 is 
fabricated from atainless steel in order to optimaUy provide mechanical 
properties similar to the other components of the apparatus 1900 while also 
providing a smooth outer surface to support seals and other moving parts that 
can operate with minimal wear, corrosion and pitting. 
30 The inner sealing mandrel 1920 may be coupled to the sealing sleeve 

1915 using any number of conventional commercial^ available mechanical 
couplings such as, for example, driUpipe connection, oUfield country tubular 
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goods specialty type threaded connection, or a standard threaded connection . 
In a preferred embodimtentp Uie inner sealing mandrel 1920 is removably 
coupled to the sealing sleeve 1916 by a standard threaded connections. The 
inner sealing mandrel 1920 may be coupled to the lower sealing head 1930 
5 using any number of conventional conunerdaUy avaflable mechanical couplings 
such as, for example, drillpipe connection, oilfidd countiy tubular goods 
specialty type threaded connection, ratchet-latdi type stab in connectors or 
standard threaded connections. In a preferred embodiment, the inner sealing 
mandrel 1920 is removably coupled to the lower sealing head 1930 by a 
10 standard threaded connections connection. 

The inner sealing mandrel 1920 preferably includes a fluid passage 1990 
that is adapted to convey fluidic materials from the fluid passage 1985 into the 
fluid passage 1995. In a preferred embodiment, the fluid passage 1990 is 
adapted to convey fluidic materials such as, for example, oonent, drilling mud, 
15 epo3ry or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 1925 is coupled to the outer sealing mandrel 
1935 and the expansion cone 1945. The upper sealing head 1925 is also 
movab^r coupled to the outer surface of the inner sealing mandid 1920 and the 
20 inner surface of the casing 1970. In this manner, the upper sealing head 1925, 
outer sealing mandrel 1935, and the expansion cone 1945 tedprocate in the 
axial durection. The radial clearance between the inner cylindrical surface of 
the upper sealing head 1925 and the outer surface of the inna sealing mandrel 
1920 may range, for examine, from about 0.025 to 0.05 inches. In a preferred 
25 embodim^t, the radial clearance between the inner qrlindrical surface of the 
upper sealing head 1925 and the outer surfSsoe of the inner sealing mandrel 
1920 ranges from about 0.005 to 0.01 inches in order to optimally provide 
clearance for pressure seal placement The radial dearance between the outer 
cylindrical surface of the upper sealing head 1925 and the inner surface of the 
30 casing 1970 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial dearance between the outer cylindrical 
surface of the upper sealing head 1925 and the inner surface of the casing 1970 

-98- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



ranges &x)m about 0.025 to 0.125 inches in order to opfcimaUy provide 
stabilization for the expansion cone 1945 as the ezpansioa cone 1945 is 
upwardly moved inside the casing 1970. 

The upper sealing head 1925 preferably comprises an annular member 
5 having substantiaUy cylindrical inner and outer surfaces. The upper sealing 
head 1925 may be fabricated from any number of conventionai commerciaUy 
available materials such as, for example, oilfield countey tubular goods, 
stainless steel, machine tod steel, or similar high strength materials. Ina 
preferred embodiment, the upper sealing head 1925 is fabricated from stainless 

10 ateel in order to optimalbrproride high strength and smooth outer surfaces that 
are resistant to wear, galling, corrosion and letting. 

The inner surfiue of the upper sealing head 1925 preferably includes one 
or more annular sealing members 2000 for sealing the interface between the 
upper sealing head 1925 and the inner sealing mandrel 1920. The sealing 

15 members 2000 m^ comprise any number of conventional commercially 

available annular sealing members such as, for example, o-rings, polypak scab 
or metal spring energized seals. In a preferred embodiment, the sealing 
members 2000 comprise polypak seals available torn Parker Seals in order to 
optimally provide sealing for a long axial motion. 

20 In a preferred embodimoit, the uppa sealing head 1925 includes a 

shoulder 2005 for supporting the upper sealing head 1925 on the lower sealing 
head 1930. 

The iqiper sealing head 1925 magr be coupled to the outi^ sealing 
mandrel 1935 usiiig any number of conventianal commerdally available 

25 mechanical couplings such as. for example, drillpipe connection, oilfield country 
tubular goods specialty tg^w threaded connection, or a standard threaded 
connections. In a preferred embodiment, the upper sealing head 1925 is 
removably coupled to the outer sealing mandrel 1935 by a standard threaded 
connections. In a preferred embodiment, the mechanical coupling between the 

30 upper sealing head 1925 and the outo- sealing mandrel 1935 includes one or 
more sealing members' 2010 for fluididy sealing the interface between the 
upper sealing head 1925 and the outo- sealing mandrel 1935. The sealing 
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members 2010 may comprise any nmnber of conventional commercially 
available sealing members such as, for example, o-rings, polypak seab or metal 
spring energised seals. In a preferred embodiment, the sealing members 2010 
comprise polypak seals available from Parker Seals in order to optimally 
5 provide sealing for a long axial stroking motion. 

The lower sealing head 1930 is coupled to the inner sealing mandrel 1920 
and the load mandrel 1940. The lower sealing head 1930 is also movably 
coupled to the inner surface of the outer sealing mandrel 1935. In this manner, 
the upper sealing head 1925 and outer sealing mandrel 1935 reciprocate in the 

10 axial direction. The radial clearance between the outer surface of the lower 
sealing head 1930 and the inner surface of the outer sealing mandrel 1935 may 
range, for example, from about 0.025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the outer surfSace of the lower sealing 
head 1930 and the inner surface of the out» sealing nrandrel 1935 ranges from 

15 about 0.005 to 0.010 inches in order to optimally provide a close tolerance 
having room for the installation of pressure seal rings. 

The lower sealing head 1930 preferably comprises an annular member 
having substantially cylindrical inner and outer surfooes. The lower sealing 
head 1930 may be fabricated from any number of conventional conunerdally 

20 available materials such as, for example, oilfield countxy tubular goods, 

stainless steel, machine tool steel or other similar High strength materials. In a 
preferred embodiment, the Iowct sealing head 1930 is fabricated from stainless 
steel in order to optimally provide high strength and resistance to wear, galling, 
corrosion, and pitting. 

25 The outer surface of the lower sealing head 1930 preferably includes one 

or more annular sealing members 2015 for sealing the interface between the 
lower sealing head 1930 and the outer sealing mandrel 1935. The sealing 
membOTB 2015 may comprise any number of conventional oomm^^ially 
available annular sealing members such as, for example, o-rings, polypak seals, 

30 or metal spring energized seals. In a preferred ^nbodiment, the sealing 
members 2015 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 
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The lower sealing head 1930 may be coupled to the inner sealing mandrel 
1920 using any number of cQnventtonal commerciaUy available mechanical 
couplings such as, for example, drillpipe connection, oilfield countiy tubular 
goods specialty type threaded connection, welding, amorphous bonding or a 
5 standard threaded connection. In a preferred embodiment, the lower sealing 
head 1930 is removably coupled to the inner sealing mandrel 1920 by a 
standard threaded connection. 

In a prefmred embodiment, the mechanical coupling between the lower 
sealing head 1930 and the inner sealing mandrel 1920 includes one or more 

10 sealing members 2020 for fluididy sealing the interface between the lower 
sealing head 1930 and the inner sealing mandrel 1920. The sealing members 
2020 may comprise any number of conventional commerdal]^ available sealing 
members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment^ the sealing members 2020 comprise polypak 

15 seab available from Parker Seals in order to optimally provide sealing for a long 
axial motion. 

The lower sealing head 1930 may be coupled to the load mandrel 1940 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 

20 specialty type threaded connections, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 1930 
is removably coupled to the load mandrel 1940 by a standard threaded 
connection. In a preferred embodimmt, the mechanical couiding between the 
lower sealing head 1930 and the load mandrel 1940 includes one or more 

25 sealing mraobers 2025 for fluididy sealing the interface between the lower 
sealing head 1980 and the load mandrel 1940. The sealing members 2025 may 
comprise any number of conventional commercially available sealing memba3 
such as, for example, o-rings, poljfpak seals, or metal spring energized seals. In 
a preferred embodiment^ the sealing members 2025 comprise polypak seals 

30 available from Parker Seala in order to optimally provide sealing for a long axial 
stroke. 
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In a preferred embodiment, the lower sealing head 1930 includes a throat 
passage 2040 fluidicly coupled between the fluid passages 1990 and 1995. The 
throat passage 2040 is preferably of reduced size and is adapted to receive and 
engage with a plug 2045, or other sinular device. In this mann the fluid 
5 passage 1990 is fluidicly isolated from the fluid passage 1995. In this manner, 
the pressure chamber 2030 is pressurized. 

The outer sealing mandrel 1935 is coupled to the upper sealing head 
1925 and the expansion cone 1945. The outer sealing mandrel 1935 is also 
movably coupled to the inner surface of the casing 1970 and the outer surface of 
10 the lower sealing head 1930. In this manner, the upper sealing head 1925, 
outer sealing mandrel 1935, and the expansion cone 1945 reciprocate in the 
axial direction. The radial clearance between the outer surface of the outer 
sealing mandrel 1935 and the inner surface of the casing 1970 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
15 radial clearance between the outer surface of the outer sealing mandrel 1935 
and the inner surface of the casing 1970 ranges ft^m about 0.025 to 0.125 
inches in order to optimally provide irm^timiTw piston surface area to maximize 
the radial expansion force. The radial clearance between the inna surface of 
the outer seating mandrel 1935 and the outer surface of the lower sealing head 
20 1930 may range, for example, from about 0.025 to 0.05 inches. In a preferred 
embodiment^ the radial clearance between the inner surface of the outer sealing 
mandrel 1935 and the outer surface of the lower sealing head 1930 ranges from 
about 0.005 to 0.010 inches in order to optunaBy provide a minimtifw gap for the 
sealing dements to bridge and seaL 
25 The outer sealing mandrd 1935 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The outer 
sealing mandrel 1935 may be fabricated from any number of conv^tional 
commercially available matffrials such as, for example, low alloy sted, carbon 
steel, 13 chromium steel or stainless steeL In a preferred embodimrat, the 
30 outer sealing mandrel 1935 is fabricated from stainless steel in order to 

optimally provide maximum strength and tnmimiiT^ wall thickness v^e also 
providing resistance to corrosion, galling and pitting. 
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The outer sealing mandrel 1935 may be coupled to the upper sealing 
head 1925 using aqy . number of conyentional commerdaUy available mechanical 
couplings such as, for exan^le, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, standard threaded connections, or 
5 welding. In a preferred embodiment, the outer sealing mandrel 1935 is 
removably coupled to the upper sealing head 1925 by a standard threaded 
connections connection. The outer sealing mandrd 1935 may be coupled to the 
expansion cone 1945 using any numb^ of conventional commerdally available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
10 tubular goods spedally type threaded connection, or a standard threaded 
connections connection, or welding. In a preferred embodiment, the outer 
sealing mandrel 1935 is removably coupled to the expansion cone 1945 by a 
standard threaded connectiona connection. 

The upper sealing head 1925, the lower sealing head 1930, the inner 
15 sealing mandrel 1920, and the outer sealing mandrd 1935 together define a 
pressure chamber 2030. The pressure chamber 2030 ia fluidicly coupled to the 
passage 1990 via one or more passages 2035. During operation of the apparatus 
1900, the plug 2045 engages with the throat passage 2040 to fluidicly isolate the 
fluid passage 1990 firom the fluid passage 1995. The pressure chamber 2030 is 
20 then pressurized which in turn causes the upp^ sealing head 1925, outer 
sealing mandrel 1935, and expansion cone 1945 to reciprocate in the axial 
direction. The axial motion of the expansion cone 1945 in turn expands the 
casing 1970 in the radial direction. 

The load mandrel 1940 ia coupled to the loww sealing head 1930 and the 
25 mechanical slip body 1955. The load mandrel 1940 preferably oomprisea an 
annular member having substantiality cylindrical inner and outer surfaoea. The 
load mandrel 1940 may be fabricated from any numb« of conventional 
commerdally available materiala sudi as, for example, oilfield country tubular 
goods, low alloy sted, carbon steel, stainless sted or other similar high strength 
30 materials. In a {veferred embodimoit, the load mandrd 1940 ia fabricated from 
oilfield countzy tubular gooda in order to optimally provide high strength. 
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The load mandrel 1940 may be coupled to the lower aeaUng head 1930 
using any number of conventiqnal qommerdally available mechanical couplings 
such as» for sample, drillpipe connection, oilGeld counlzy tubular goods 
specialty type threaded couiection. welding, amorphous bonding or a standard 
5 threaded connection. In a prrferred embodiment^ the load mandrel 1940 is 
removably coupled to the lower sealing head 1930 by a standard threaded 
connection. The load mandrel 1940 may be coupled to the mechanical slip body 
1955 using mxy number of conventional commercially available mechanical 
couplings such as, for example, a drillpipe oonnectioo, oilfield country tubular 
10 goods specialty tiype threaded connections, welding, amorphous bondmg, or a 
standard threaded connections connection. In a preferred embodiment, the 
load mandrel 1940 is removably coupled to the mechanical slip body 1955 by a 
standard threaded oonnections connection. 

The load mandrel 1940 preferably includes a fluid passage 1996 that is 
16 edited to convey fluidic materials from the fluid passage 1990 to the region 
outside of the apparatus 1900. In a preferred embodiment, the fluid passage 
1995 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallona/minute. 
20 The expansion cone 1945 is coupled to the outer sealing mandrel 1935. 

The expansion cone 1945 ia also movab^ coupled to the inner surface of the 
casing 1970. In this manner, the upper sealing head 1925, outer sealing 
mandrd 1935, and the expansion cone 1945 reciprocate in the axial direction. 
The recqm>cation of the expansion cone 1945 causes the casing 1970 to expand 
25 in the radial direction. 

The expansion cone 1945 preferably comprises an annular m^nber 
having subs t antially cylindrical inner and conical outar surfaces. The outside 
radius of the outside conical surface may range, for example, fit>m about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 

30 surface ranges from about 3 to 28 inches in order to optimally provide cone 
dimensions for the typical range of tubular members. 
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The axial length of the expansion cone 1946 may range, for example, 
from about 2 to.8 times the largest outer diameter of the expansion cone 1946. 
In a preferred embodiment, the axial length of the expansion cone 1945 ranges 
from about 3 to 5 times the largest outer diameter of the expansion cone 1945 
5 in order to optimally provide stability and centraUzation of the expansion cone 
1945 during the expansion process. In a preferred embodiment, the angle of 
attack of the expansion cone 1945 ranges from about 5 to 30 degrees in order to 
optimally balance friction forces with the desired amount of radial expansion. 
The expansion cone 1945 angle of attack will vaiy as a function of the operating 
10 parameters of the particular expansion operation. 

The expansion cone 1945 may be fabricated from any number of 
conventional commercially available materiab such as, for example, machine 
tool steel, ctfamics, tungsten carbide, nitride steel, or other similar high 
strength materials. In a preferred embodiment, the expansion cone 1945 is 
15 fabricated from D2 machine tool steel in order to optimally provide high 
strength and resistance to corrosion, wear, galling, and pitting. In a 
particularly prrferred embodiment, the outside surface of the expansion cone 
1946 has a surface hardness ranging from about 58 to 62 RockweU C in order to 
optimally provide hi^ sti^gth and resist wear and galling. 
20 The expansion cone 1946 may be coupled to the outside sealing mandrel 

1935 using any number of conventional commercially available mechanical 
couplings such as, for example^ drillpipe connection, oilfield tubular countiy 
goods specialty type threaded connection, welding, amorphous bonding, or a 
standard threaded connections connection. In a preferred embodiment, the 
25 expansion cone 1945 is coupled to the outside sealing mandrd 1935 using a 
standard tiureaded connections connection in order to optimaQy provide 
connector strength for the typical opoating loading conditions ^diile also 
permitting easy replacement of the expansion cone 1945. 

The mandrel laundier 1950 is coupled to the casing 1970. The mandrel 
30 launcher 1950 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 1970. In a preferred embodiment, the waD 
thickness of the mandrel launcher is about 50 to 100 % of the wall thickness of 
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the casing 1970. In this manner, the initiation of the radial expansion of the 
casing 1970 is facilitated, and the insertion of the larger outside diameter 
mandrel lanncher 1950 into the wellbore and/br casing is facilitated. 

The mandrel launcher 1950 may be coupled to the casing 1970 using any 
5 number of conventional mechanical couplings. The mandrel launcher 1950 may 
have a waU thickness ranging, for example, from about 0.15 to 1.5 niches. In a 
preferred embodiment, the waU thickness of the mandrel launcher 1950 ranges 
from about 0.25 to 0.75 inches in order to optimaUy provide high strength with 
a small overaU proffle. The mandrel launcher 1950 may be fabricated from any 
10 number of conventional commercially avaOable materials such aa. for example, 
oil field tubular goods, low aUoy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the mandrel 
launcher 1950 is fabricated from oU field tubular goods of higher strength but 
lower waU thickness than the casing 1970 in order to optimaUy provide a thin 
15 walled container with approximately the same burst strength as the casing 
1970. 

The mechanical aUp body 1955 is coupled to the load mandrel 1970, the 
mechanical sUps 1960, and the drag blocks 1985. The mechanical slip body 
1955 preferably comprises a tubular member having an inner passage 2050 
20 fluidicfar coupled to the passage 1995. In this manner, fluidic materials miy be 
conveyed from the passage 2050 to a region outside of the apparatus 1900. 

The mechanical alip body 1955 may be coupled to the load mandrel 1940 
using any number ofoimvntional mechanical couplings. In a preferred 
embodunent, the mechanical alip bo^y 1955 is removably coupled to the load 
25 mandrel 1940 using a standard threaded connection in order to optimal^ 
provide high strength and permit the mechanical slip body 1965 to be easily 
replaced. The mechanical shp body 1956 may be coupled to the medumical 
slips 1965 using any number of conventional mechanical couplrngs. In a 
prefinred embodiment, the mechanical slip bo^y 1955 is removably coupled to 
30 the mechanical alipe 1955 uong threads and sliding steel retainer rings in order 
to optimally provide high stroigth coupling and also permit easy replacement of 
the mechanical slips 1955. The medianical slip bo<|y 1955 may be coupled to 
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the drag blocks 1965 using any number of conventional mechanical couplings. 
In a preferred embodiment, the mechanical sUp bo^jr 1965 is removably coupled 
to the drag blocks 1965 using threaded connections and sUding steel retainer 
rings in ord« to optimally provide high strength and also permit easy 
5 replacement of the drag blocks 1965. 

The mechanical sUps I960 are coupled to the outside surface of the 
mechanical sUp body 1955. During operation of the apparatus 1900, the 
mechanical slips 1960 prevent upward movement of the casing 1970 and 
mandrel launcher 1950. In this manner, during the axial reciprocation of the 
10 expansion cone 1945, the casing 1970 and mandrel launcher 1950 are 

maintained in a substantiaUy stationary position. In this manner, the mandrel 
launcher 1950 and casing 1970 are expanded in the radial direction by the axial 
movement of the expansion cone 1945. 

The mechanical slips 1960 may comprise any number of conventional 
15 commerdally available mechanical sUps such as, for example, RTTS packer 
tungsten carbide mechanical sUps, RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
prefored embodiment, the mechanical slips 1960 comprise RTTS packer 
tungsten carbide mechanical sUps avaihble from Halliburton Energy Services 
20 in order to optimaUiy provide resistance to axial movement of the casing 1970 
during the e:qNui8ion process. 

The drag blocks 1965 are coupled to the outside surface of the 
mechanical sUp bo^y 1955. During operation of the apparatus 1900, the drag 
blocks 1965 prevoit upyrard movemoit of the casing 1970 and mandrel 
55 launcher 1960. In this manner, during the axial reciprocation of the expansion 
cone 1945, the casing 1970 and mandrel launcher 1960 are maintained in a 
substantially stationary position. In this manner, the mandrel Uuncher 1950 
and casing 1970 are expanded in the radial direction by the axial movement of 
the expansion cone 1945. 
0 The drag blocks 1965 may comprise any number of conventional 
commerdaUy available mechanical slips such as, for example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wick« type mechanical slips or 
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Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment, the drag blocks 1965 comprise RTTS packer tungsten 
carbide mechanical slips available from HaUiburton Energy Services in order to 
optimally provide resistance to axial movement of the casing 1970,during the 
5 expansion process. 

The casing 1970 is coupled to the mandrel launcher 1950. The casing 
1970 is further ranovably coupled to the mechanical slips 1960 and drag blocks 
1965. The casing 1970 preferably comprises a tubular membw. The casing 
1970 may be fabricated from any numb^ of oonventibnal oommerdally 

10 avaiQable materials such as, for example, slotted tubulara, oil Geld country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the casing 1970 is fabricated 
from oilfield cotmtry tubular goods available from various foreign and domestic 
steel niills in order to optimally provide hx^ strength. In a preferred 

15 embodiment, the upper end of the casing 1970 includes one or more sealing 
members positioned about the exterior of the casing 1970. 

During operation, the apparatus 1900 is positioned in a wellbore with the 
upper end of the casing 1970 positioned in an overlapping relationship within 
an existing wellbore casing. In order minimize surge pressures within the 

20 borehole during placement of the apparatus 1900, the fluid passage 1975 is 
preferably provided with one or more pressure relief passages. During the 
placement of the aiqwratus 1900 in the wellbore, the casing 1970 is supported 
the expansion cone 1945. 

After positioning of the apparatus 1900 within the bore hole in an 

25 overlaiqiingrdationship with an existing section of wein^^ 

fluidic material is punqied into the fluid passage 1975 fit>m asurfaoe location. 
The first fluidic material is conveyed from the fluid passage 1975 to the fluid 
passages 1980, 1985, 1990, 1995, and 2050. The first fluidic material wiU then 
exit Uie apparatus and fill the annular region between the outside of the 

30 apparatus 1900 and the interior walls of the bore hole. 

The first fluidic material may comprise any number of conventional 
comm^dally available materials such as, for example, drilling mud, water, 
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epojy or cement In a prefared embodiment, the first fluidic material 
comprises a hardenable auidic sealing maUsrial such aa, for example, cement or 
epozy. In this manner, a weObore casing having an outer annular layer of a 
hardenable material may be formed. 
5 The first fluidic material may be pumped into the apparatus 1900 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi, and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 
material is pumped into the apparatus 1900 at operating pressures and flow 
rates ranging fi^m about 0 to 4,500 psi and 0 to 3,000 gaUona/kninute in order 
10 to optimally provide operating pressures and flow rates for typical operating 
conditions. 

At a predetermined point in the ii^ection of the first fluidic matmal such 
as, [or example, after the annular region outside of the apparatua 1900 has been 
fined to a predetennined level, a plug 2045, dart, or other ifnflai- device is 
15 introduced into the first fluidic materiaL The {dug 2045 lodges in the throat 
passage 2040 thereby fluididy isolating the fluid passage 1990 from the fluid 
passage 1995. 

After placement of the plug 2045 in the throat passage 2040, a second 
fluidic material is pumped into the fluid passage 1975 in order to pressurize the 

20 pressure chamber 2030. The second fluidic material may comprise any number 
of conventional commercially available matoials such as, for example, water, 
drilling gases, drilling mud or lubricant In a preferred embodiment, the second 
fluidic material con^trises a non-hardenable fluidic material audi as, for 
example, water, drilling mud or lubricant in order mi«iwni«i frictional forces. 

25 The second fluidic matsialmagr be puiiq>ed into the ^paraiua 1900 at 

operating pressures and flow rates ranginfl^ for exanqile^ from about 0 to 4,500 
psi and 0 to 4,500 gallona/kninute. In a preferred embodiment, the second 
fluidic material is pumped into the apparatus 1900 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi, and 0 to 1.200 gallona/bunute in 

30 order to optimally provide expansion of the casing 1970. 

The pressurization of the pressure chamber 2030 causes the upp^ 
sealing head 1925, outer sealing mandrel 1935, and expansion cone 1945 to 
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move in an axial direction. As the expansion cone 1945 moves in the axial 
direction^ the es^pansion cone 1945 piullB the mandrel launcher 1950 and drag 
blocks 1965 along, which sets the mechanical slips 1960 and stops further axial 
movement of the mandrel launcher 1950 and casing 1970. In this- manner, the 
5 axial movement of the expansion cone 1945 radially expands the mandrel 
launcher 1950 and casing 1970. 

Once the upper sealing head 1925, outer sealing mandrel 1935, and 
expansion cone 1945 complete an axial stroke, the operating pressure of the 
second fluidic material is reduced and the drill string 1905 is raised. This 
10 causes the iimer sealing mandrel 1920, lower sealing head 1930, load mandrel 
1940, and mechanical slip body 1955 to move upward. This unseta the 
mechanical slips 1960 and permits the mechanical slips 1960 and drag blocks 
1965 to be moved upward within the mandrel laxmcho* and casing 1970. When 
the lower sealing head 1930 contacts the upper sealing head 1925, the second 
15 fluidic material is again pressurized and the radial expansion process continues. 
In this manner, the mandrel launcher 1950 and casing 1970 are radial expanded 
through repeated axial strokes of the upper sealing head 1925, outer sealing 
mandrel 1935 and expansion cone 1945. Throughput the radial expansion 
process, the upper end of the cssing 1970 is preferably maintained in an 
20 overlfi4)ping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 
1970 is expanded into intimate contact with the inside surface of the lower end 
of the existing wellbore casing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 1970 provide a fluidic seal 
25 betwem the outside surface of the upper end of the casing 1970 and the inside 
surface of the lower end of the existing wellbore casing. In a preferred 
embodiment, the contact pressure between the casing 1970 and the existing 
section of wellbore casing ranges from about 400 to 10,000 psi in order to 
optimally provide contact pressure for activating sealing members, provide 
30 optimal resistance to axial movement of the expanded casing 1970, and 
optimally support typical tensUe and compressive loads. 
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In a preferred embodiment, as the expansion cone 1945 nears the end of 
the casing 1970^ the operating flow rate of the second fluidic material is reduced 
in order to minimize shock to the apparatus 1900. In an alternative 
embodiment^ the apparatus 1900 indudes a shock absorber for absorbing the 
5 shock created by the completion of the radial expansion of the casing 1970. 

In a preferred embodiment^ the reduced operating pressure of the second 
fluidic matmal ranges from about 100 to 1,000 psi as th^ expansion cone 1945 
nears the end of the casing 1970 in order to optimally provide reduced axial 
movement and velodly of the expansion cone 1945. In a preferred embodiment, 
10 the opiating pressure of the second fluidic material is reduced during the 
return stroke of the i^paratus 1900 to the range of about 0 to 500 psi in order 
minimize the resistance to the movraient of the expansion cone 1945. In a 
preferred embodiment, the stroke length of the i^iparatus 1900 ranges from 
about 10 to 45 feet in order to optuna% provide equipment lengths that can be 
15 handled by typical oil well rigging equqsment while also minimizing the 
frequency at which the expansion cone 1945 must be stopped so the apparatus 
1900 can be re-stroked for further expansion operations. 

In an alternative embodiment, at least a portion of the upper sealing 
head 1925 indudes an expansion cone for radially expanding the mandrel 
20 launcher 1950 and casing 1970 during operation of the apparatus 1900 in order 
to increase the surface area of the casing 1970 acted upon during the radial 
expansion process. In this manner, the operating pressures can be reduced. 

In an alternative embodinient, mechanical slips are positioned in an axial 
location between the sealing sleeve 1915 and the inner sealing mandrel 1920 in 
25 order to sinqdify the operation and assembly of the apparatus 1900. 

Upon the complete radial expansion of the casing 1970, if appUc^lep the 
first fluidic material is permitted to cure within the «n nMlft r r^on between the 
outside of the expanded casing 1970 and the interior walls of the wellbore. In 
the case where the expanded casing 1970 is slotted, the cured fluidic matoial 
30 will preferably permeate and envelop the expanded casing. In this manner, a 
new section of wellbore casing is formed within a wellbore. Alternatively, the 
apparatus 1900 may be used to join a first section of pipeline to an existing 
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section of pipeline. Alternatively, the apparatus 1900 may be used to directly 
line the int^or of a weUbore with a casing, without the use of an outer annular 
layer of a hardenable material* Alternatively, the apparatus 1900 may be used 
to expand a tubular support member in a hole. 
5 During the radial expansion process, the pressurized areas of the 

apparatus 1900 are limited to the fluid passages 1975, 1980» 1985, and 1990, 
and the pressure chamber 2030. No fluid pressure acts directly on the mandrel 
launcher 1950 and casing 1970. This permits the use of operating pressures 
higher than the mandrd Uumcher 1950 and casing 1970 could normally 
10 withstand. 

Referring now to Figure 16, a preferred embodiment of an apparatus 
2100 for forming a mono-diamet^ wellbore casing will be described. The 
apparatus 2100 fa:eBarably includes a driUpipe 2105, an innerstring adapter 
2110, a sealing sleeve 2115, an inner sealing mandrel 2120, slips 2125, upper 
15 sealing head 2130, lov^ sealing head 2135, outer sealing mandrel 2140, load 
mandrel 2145, expansion cone 2150, and casing 2155. 

The driUpipe 2105 is coupled to the innerstring adapter 2110. During 
operation of the i^^uvatus 2100, the driUpipe 2105 supports the apparatus 
2100. The driUpipe 2105 preferably comprises a substantiaUy hoUow tubular 
20 member or members. The driUpipe 2105 m^ be fabricated from any numbw of 
conventional commerdaUy available materials such as, for example, oUfield 
country tubular goods, low aUoy steel, carbon steel, stainless steel or other 
similar high strength material In a preferred embodimrat, the driUpipe 2105 is 
fabricated from coiled tubing in order to fadliate the placement of the 
25 apparatus 1900 in non*verticalweUbores. The driUpipe 2105 nu^ be coupled to 
the innerslring adapter 2110 using any number of conventional commerdaUy 
available mechanical couplings such as, for example, driUp4>e connection, 
oilfield country tubular goods specialty type threaded connection, ratchet-latch 
type connection, or a standard threaded connection. In a preferred 
30 embodiment, the driUpipe 2105 is removably coupled to the innerstring adapter 
2110 by a drill pipe connection. 



-112- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/IL00/0024S 



The drillpipe 2105 preferably indudes a fluid passage 2160 that is 
adapted to cpnv^ fluidjc materials &om a surfisce locatton into the fluid 
passage 2165. In a preferred embodiment, the fluid passage 2160 is adapted to 
convqr fhiidic materials such as, for ezanqde, cement, epozy, wat^, drilling 
5 mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gaUons/minute. 

The innerstring adapter 2110 is coupled to the drill string 2105 and the 
sealing sleeve 2115. The tnnerslnng adapter 2110 preferably comprises a 
substantially hollow tubular manbor or m^bers. The innerstring adapter 
10 21 10 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similsr hi^ strength materials. 
In a preferred embodiment, the innerstring adapter 2110 is fabricated from 
stainless steel in order to optimally provide high strength, low friction, and 
15 resistance to corrosion and wear. 

The innerstring adapter 2110 may be coupled to the drill string 2105 
using any number of convoitional commercially available mechanical couplings 
such aa, for example, drillinpe connection, oilfield country tubular goocb 
specialty type threaded connection, ratchet-latdb type connection or a standard 
20 t hre ad ed connection. In a preferred embodiment, the innerstring adapter 21 10 
is removab^ coupled to the driU pipe 2105 by a drillpipe connection. The 
mnoatring adapter.2110 magr be coupled to the sealing sleeve 2115 using any 
number of conventioQal oommerdaUy available mechanical couplings such as, 
for example, drillpipe connection, oilfield countzy tubular goods specialty type 
25 threaded connection, raldiet^latch type threaded connection, or as 

threaded connection. In a prefored embodiment, the innerstring adapter 2110 
is removably coupled to the sealing sleeve 2115 by a standard threaded 
connection. 

The innerstring adapter 2110 prrferably indudes a fluid passage 2165 
30 that is adapted to convey fluidic matoials bom the fluid passage 2160 into the 
fluid passage 2170.. In a preferred embodimoit, the fluid passage 2165 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water 
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driihng muds, or lubricants at operating pressures and flow rates rangin; from 
about 0 to 9,000 pei and 0 to. 3.000 gallonsMiinute. 

Tbe sealing sleeve 2115 is coupled to the innerstring adapter 2110 and 
the inner sealing mandrel 2120. The sealing sleeve 2115 inreferably comprises a 
5 substantially hollow tubular member or members. The sealing sleeve 2115 may 
be fabricated from any number of conventional commercially available 
materials such as, for example, oil field tubular goods, low alloy steel, carbon 
sted, stainless steel or other similar hi^ strength materials. Inapreferred 
embodiment, the sealing sleeve 2115 is fabricated from stainless steel in order 
10 to optimally provide high strength, low friction surfaces, and resistance to 
corrosion, wear, galling, and pitting. 

The sealing sleeve 2115 may be coupled to the innerstring adapter 2110 
using any numbor of conventional commercially available mechanical couplings 
such as, for example, a standard threaded connection, oilfield country tubular 
15 goods specialty type threaded connections, welding, amorphous bonding, or a 
standard th re aded connection. In a preferred embodiment, the sealing sleeve 
2115 is removably coupled to the innerstring adapter 2110 by a standard 
threaded connection. The sealing sleeve 2115 may be coupled to the inner 
sealing mandrd 2120 using any number of conventional commercially available 
20 mechanical coiqdings such as, for exanq^e, a standard threaded connection, 
oilfield countzy tubular goods specialty type threaded connections, welding, 
amorphous bonding; or a standard threaded oonnectaon. In a prefer r e d 
embodiment, the sealing sleeve 2115 is removably coufrfed to the inner sealing 
mandrel 2120 by a standard threaded connection. 
25 The sealing sleeve 2115 preferabfy includes a fluid passage 2170 that is 

adapted to convey fluidic materials from the fluid passage 2165 into the fluid 
passage 2175. In a preferred embodimmt, the fluid passage 2170 is adapted to 
convey fluidic materials such as, for ezamploi cementi qxny, water, drilling 
mud, or lubricants at operating pressures and flow rates ranging fit>m about 0 
30 to 9,000 psi and 0 to 3,000 gallona/minute. 

The innar sealing mandrd 2120 is coupled to the sealing sleeve 21 15, 
slips 2125, and the lower sealing head 2135. The inner sealing mandrel 2120 
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preferably comprises a substantially hollow tubular member or members. The 
inner sealing mandrel 2120 may be .fabricated from any number of conventional 
commercially available materials such as, for example, oilfield countzy tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar-high strength 
5 materials. In a preferred embodiment, the inner sealing mandrel 2120 is 
fabricated from stainless steel in order to optimally provide high strengtht low 
friction surfaces, and corrosion and wear resistance. 

The inner sealing mandrel 2120 may be coupled to the sealing sleeve 
2115 using any number of conventional commerdally available mechanical 

10 couplings such as, for example, driUpipe connection, oilfield country tubular 
goods spedalfy type threaded connection, or a standard threaded connection. 
In a preferred embodiment, the inner sealing mandrel 2120 is removably 
coupled to tiie sealing sleeve 2115 by a standard threaded connection. The 
standard threaded connection provides hi|^ stra&gth and permits easy 

15 r^dacement of components. The inner sealing mandrel 2120 may be coupled to 
the slips 2125 using any number of conventional comm^ria% available 
mechanical couplings such as, for example, welding, amorphous bonding, or a 
standard threaded connection. In a prrferred embodiment, the inner sealing 
mandrel 2120 is removably coupled to the slips 2125 by a standard threaded 

20 connection. The inner sealing mandrel 2120 may be coupled to the lower 
sealing head 2135 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield co\mtry 
tubular goods specialty type threaded connection, welding, amorphous bonding 
or a standard threaded connection. In a preferred embodimrat, the inner 

25 sealing mandrd 2120 IB removably coupled to the lower sealing head 2135 by a 
standard threaded connection. 

The inner sealing mandrel 2120 preferably includes a fluid passage 2175 
that is adapted to convey fluidic materials from the fluid passage 2170 into the 
fluid passage 2180. In a preferred embodiment, the fluid passage 2175 is 

30 adapted to convey fluidic materials such as, for example, cem^t, epoxy, water, 
drilling mud or lubricants at opotiting pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
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The slips 2125 are coupled to the outer surface of the inner sealing 
mandrel 2120. During operatioji of the apparatus. 2100, the slips 2125 
preferab^r maintain the casing 2155 in a substantiaUy stationaiy position 
during the radial expansion of the casing 2155. In a preferred embodimrat^ the 
5 slips 2125 are activated using the fluid passages 2185 to conv^ pressurized 
fluid material into the slips 2125. 

The slips 2125 may comprise any number of cominerciaily available 
hydraulic slips such as, for eauuqple, RTTS packer tungsten carbide hydraulic 
slips or Model SL retrievable bridge plug hydraulic slips. In a preferred 
10 embodiment^ the slips 2125 comprise RTTS packer tungatra carbide hydraulic 
slips available from Halliburton Energy Services in order to optimally provide 
resistance to axial movement of the casing 2155 during the expansion process. 
In a particularly inferred embodiment^ the slips indude a fluid passage 2190, 
pressure chamber 2195, spring return 2200, and slip member 2205. 
15 The slips 2125 may be coupled to the inner sealing mandrel 2120 using 

any number of conventional mechanical couplings. In a preferred embodunent, 
the slipa 2125 are removably coupled to the outer surface of the inner sealing 
mandrel 2120 by a thread connection in order to optimally provide 
intercfaangeability of parta. 
20 The upper sealing head 2130 is coupled to the oiitn sealing mandrel 
2140 and expansion cone 2150. The upper sealing head 21S0 is also movably 
coupled to the outer surface of the inner sealing mandrel 2i:M)and the inner 
surfiBkoe of the casing 2155. In this manner, the upper sealing head 2130 
redprocatee in the axial direction. The radial dearanoe between the inner 
25 cylindrical surfiGboe of the upper sealing head 2130 and the outer surfa» of 
inner sealing mandrd 2120 may range, for example, from about 0.025 to 0.06 
inches. In a preferred CTbodiment, the radial dearanoe between the inner 
cylindrical surface of the Uf^er sealing head 2130 and the outer surfiatce of the 
innv sealmg mandrel 2120 ranges from about 0.005 to 0.010 inches in orda to 
30 optimalbr provide a pressure seal The radial dearanoe between the outer 
cylindrical surface of tlie upper sealing head 2130 and the inner surface of the 
casing 2155 may range, for example, from about 0.025 to 0.375 inchea. In a 

-116. 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/0024S 



preferred embodiment, the radial dearance between the outer cylindrical 
surface of the upper sealing head 2130 and the inner surface of the casing 2155 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 2130 during axial movement of the 
5 ezpanaion cone 2130. 

The upper sealing head 2130 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaced. The upper sealing 
head 2130 may be fabricated from any number of conventional commercially 
available materials such as, for example, low alloy steel, carbon steel, stainless 
10 steel or other similar high strength materials. In a preferred embodiment, the 
upper sealing head 2130 is fabricated from stainlesa steel in order to optimal^ 
provide high strength, corrosion resistance, and low friction surfaces. The 
inner surface of the upper sealing head 2130 preferably includes one or more 
annular sealing members 2210 for sealing the interfhce between the upper 
15 sealing head 2130 and the inner seahng mandrel 2120. The sealing members 
2210 Toay con^rise any number of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals, or metal spring 
energized seals. In a preferred embodiment, the sealing members 2210 
comprise potypak seals available from Parker Seals in ordo* to optimally 
20 provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2130 includes a 
shoulder 2215 for supporting the upper sealing head 2130 on the loww sealing 
head 2135. 

The upper sealing head 2130 m^ be coupled to the outer seaUng 
25 mandrel 2140 using any number of conventional commercial]^ available 

mechanical oouplingB audi as, for example, drilliripe connection, oilfidd country 
tubular goods specialty threaded connection, weldini^ amorphous bonding or a 
standard threaded connection. In a preferred onbodiment, the upper sealing 
head 2130 is removabfy coupled to the outer sealing mandrel 2140 fay a 
30 standard threaded connection. In a prderred embodiment, the mechanical 
coupling between the upper sealing head 2130 and the outer sealing mandrd 
2140 indudes one or more sealing members 2220 for fluididy sealing the 
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interface between the upper sealing head 2130 and the outer sealing mandrel 
2140. TheseaIingniember8 22^nvQrcompraeany number of Gonventi^ 
commerdaUy available sealing monbers such as, for examfle, o-rings, polypak 
seab, or metal spring energized seals. In a preferred embodimmt, the sealing 

5 membm 2220 comprise polypak seals available from Parker Seals in order t^ 
optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 is coupled to the innter sealing mandrel 
and the load mandrd 2145. The lower sealing head 2135 ia also movably 
coupled to the inner surface of the outer sealing mandrel 2140. In this manner, 

10 the upper sealing head 2130, outer seaUng mandrel 2140, and expansion cone 
2150 reciprocate in the axial direction. The radial clearance between the outer 
surface of the lower sealing head 2135 and the inner surface of the outer sealing 
mandrel 2140 may range, for example, from about 0.0025 to 0.05 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the 

15 lower sealing head 2135 and the inner surface of the outer sealing mandrel 2140 
ranges from about 0.0025 to 0.05 inches in order to optimaQy provide minimal 
radial clearance. 

The lower sealing head 2135 preferably con^risea an annular member 
having substantially cylindrical inner and ouia surfaces. The lower sealing 

20 head 2135 may be fabricated from any number of conventional commercially 
available materials such as, for ezan^^le, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other sunilar hi^ strength materials. 
In a preferred embodiment, the lower sealing head 2136 is fabricated from 
stainless sted in order to optimal^ provide high strength, corrosion resistance, 

25 and low friction surfaces. The outer surface of the lower sealing head 2135 
preferably includes one or more annnigr seating members 2225 for seahng the 
interface between the lower sealing head 2135 and the outer sealing mandrel 
2140. The sealing members 2225 may comi^ise any number of conventional 
commercially available annular sealing members such aa, for example, o-rings, 

30 polypak seals or metal spring energized seals. In a preferred embodiment, the 
sealing membm 222^ comprise polypak seab available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 
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The lower sealing head 2135 may be coupled to the inner sealing mandrel 
2120 using any nimiber of conventional commercially available mechanical 
couplings such as, for example, driUpipe connection, oilfield countiy tubular 
goods specialty type threaded connection, welding, amorphous bonding, or a 
5 standard threaded connection. In a preferred embodiment, the lower sealing 
head 2135 is removably coupled to the inner sealing mandrel 2120 by a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the lower sealing head 2135 and the inner sealing mandrel 
2120 includes one or more sealing members 2230 for fiuididy sealing the 
10 interface between the lower sealing head 2135 and the inner sealing mandrd 
2120. The sealing members 2230 may comprise any number of conventional 
commerdaUty available sealing members such as, for example, o-rings, polypak 
seals, or metal spring energized seals. In a preferred embodiment, the sealing 
members 2230 comprise polypak seab available from Parker Seals in ordv to 
15 optimaUy provide aealiiig for a long axial stroke. 

The low« sealing head 2135 may be coupled to the load mandrel 2145 
using any number of conventional commercially available mechanical couplings 
sudi as, for example, driUpipe connection, oilfidd country tubular goods 
specialty threaded connection, wdding, amorphous bonding, or a standard 
20 threaded connection. In a preferred embodiment, the lower sealing head 2135 
is removab^ coupled to the load mandrd 2145 by a standard threaded 
connection. In a preferred embodiment^ the mechanical coupling between the 
lower sealing head 2135 and the load mandrd 2145 indudes one or more 
sealing members 2236 for fiuididy seding the interface between the lower 
25 sealing head 1930 and the load mandrd 2146. The sealing members 2235 may 
conqirise any number of oonv^tiond commercially available sealing members 
sudi as, for exanqile,o*ringB,po|jnpak seals, or metd spring energized seals. In 
a preferred embodiment, the sealing members 2235 conqirise po^irpak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
30 stroke. 

In a prefKTed onbodiment, the lower sealing head 2135 indudes a throat 
passage 2240 fiuididy coupled between the fluid passages 2175 and 2180. The 
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throat passage 2240 is preferably of reduced size and is adapted to receive and 
engage with a plug 2245, or other similar device. In this manner, the lluid 
passage 2175 is fluididy isolated from the fluid passage 2180. In this manner, 
the pressure chamber 2250 is pressurized. 

5 The outer sealing mandrel 2140 is coupled to the upper sealing head 

2130 and the expansion cone 2150. The outer sealing mandrel 2140 is also 
movably coupled to the inner surface of the casing 2155 and the outer surface of 
the lower sealing head 2136. In this manner, the upper sealing head 2130. 
outer sealing mandrel 2140, and the expansion cone 2150 redpn)cate in the 
10 anal direction. The radial clearance between the outer surface of the outer 
sealing mandrel 2140 and the inner surface of the casing 2155 m^ range, for 
example, from about 0.026 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the outer sealing mandrel 2140 
and the inner surface of the casing 2156 ranges from about 0.025 to 0.125 
16 inches in order to optimally provide stabilization for the expansion cone 2130 
during the expansion process. The radial clearance between the inner surface 
of the outer sealing mandrel 2140 and the outer sur&ca of the lower sealing 
head 2135 may range, for example, from about 0.005 to 0.125 inches. In a 
preferred embodiment, the radial clearance between the inner surface of the 

20 outer8ealingmandrel2140andtheoutersurfaoeofthelower8ealinghead2135 
ranges bom about 0.005 to 0.010 inches in order to optimally provide minimal 
radial dearanoe. 

The outer sealing mandrel 2140 preferably comprises an annular 
memberhavingaubstantiaUyqrlindricalinnerandoutersurfaoee. Theouter 

25 8ealingmandrd2140maybefiBj>ricatedfromanynumberofconventi^^^ 
commerda% available material such as. for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel, or other similar high 
strength materials. In a preferred embodiment, the outer sealing mandrel 2140 
is fabricated from stainless steel in order to optimally provide high sfrength, 

30 corrosion resistance, and low friction sur&ces. 

The outer sealing mandrel 2140 may be coupled to the upper sealing 
head 2130 using any number of conventional commerdaUy available mechanical 
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couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty threaded conneqtion^ welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 
2140 is removably coupled to Uie upper sealing head 2130 by a standard 
5 threaded connection. The outer sealing mandrel 2140 may be coupled to the 
expansion cone 2150 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield countiy 
tubular goods specialty threaded connection, welding* amorphous bonding, or a 
standard threaded connection. In a preferred embodiment* tiie outer sealing 
10 mandrel 2140 is removably coupled to the expansion cone 2150 by a standard 
threaded connection. 

The upper sealing head 2130, the lower sealing head 2135, inner sealing 
mandrel 2120, and the outar sealing mandrel 2140 together define a pressure 
chamber2250. The pressure chamber 2250 is fluidic^ coupled to the passage 
15 2175 via one or more passages 2255. During operation of the apparatus 2100, 
the plug 2245 engages with the throat passage 2240 to fluididy isolate the fluid 
passage 2175 from the fluid passage 2180. The pressure chamber 2250 is then 
pressurized wiiidi in turn causes the upper sealing head 2130, outer sealing 
mandrel 2140, and expansion cone 2150 to reciprocate in the axial direction. 
20 The axial motion of the expansion cone 2150 in turn expands the casing 2155 in 
the radial direction. 

The load mandrd 2145 is coupled to the lower sealing head 2135. The 
load mandrd 2145 preferably comprises an annular member having 
substantially (Tlindricalinna* and outer surfaces. The load mandrel 2145 may 
25 be fabricated from any number of conventional commerda^y available 
m a teri als such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless sted or other similar hi^ strength materials. In a 
preferred embodimrat, the load mandrel 2145 is fabricated bom stainless steel 
in order to optimally provide hi|^ strength, corrosion resistance, and low 
30 friction bearing surfaces. 

The load mandrel 2145 may be coupled to the lower sealing head 2135 
using any number of conventional commercially avaflable mechanical couplings 
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such 83, for example, drillpipe connectioQ, oilfield countay tubular goods 
specialty threaded connectioB, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the load mandrd 2145 is 
removably coupled to the lower seaUng head 2135 by a standard threaded 
5 connection in order to optimally provide high strength and permit easy 
replacement of the load mandrel 2145. 

The load mandrel 2146 prrferably includes a fluid passage 2180 that is 
adapted to convey fluidic materials from the fluid passage 2180 to the region 
outside of the apparatus 2100. In a preferred embodiment, the fluid passage 
10 2180 is adapted to convey fluidic materials such as, for examine, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2150 is coupled to the outer sealing mandrel 2140. 
The expansion cone 2150 is also movably coupled to the inner surface of the 
15 casing 2155. In this manner, the upper sealing head 2130, outer sealing 
mandrel 2140, and the expansion cone 2150 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2150 causes the casing 2155 to expand 
in the radial direction. 

The expansion cone 2150 preferabfy comprises an aimtilny member 
20 having substantial^ csHUndrical inner and conical outarsurf^^ The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred radbodiment, the outside radius of the outside conical 
surface ranges fitim about 3 to 28 inches in ord» to optimally provide cone 
dimensions that are optimal for typical casings. The axial length of the 
25 expansion cone 2150 may range, for example, from about 2 to 6 times the 
largest outside diameter of the expansion cone 2150. In a preferred 
embodiment, the axial length of the expansion cone 2150 ranges from about 3 
to 5 times the largest outside diameter of the expansion cone 2150 in order to 
optimaUy provide stabiUty and centralizatton of the expansion cone 2150 during 
30 the expansion process. In a particularly fveferred embodiment, the m«^wiiim 
outside diameter of the expansion cone 2150 is between about 90 to 100 % of 
the inside diameter of the existing wellbore that the casing 2155 will be joined 
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with. In a preferred embodiment, the ang^e of attack of the expanaion cone 
2150 ranges from about 5 to 30 degrees in order to optimally balance friction 
forces and radial eipanBion forces. The optimal expansion cone 2150 an^e of 
attack will vaiy as a function of the particular operating conditions of the 
5 expansion operation. 

The expansion cone 2150 may be fabricated from any number of 
conventional commercial^ avaUable materials such as, for example, machine 
tool steel, nitride steel, titanium, tungsten carbide, ceramics, or othv similar 
high strength materials. In a preferred embodiment, the expansion cone 2150 
10 is fabricated from D2 machine tool steel in order to optimally provide high 
stroigth and resistance to wear and galling. In a particularly preferred 
embodiment, the outside surface of the expansion cone 2150 has a surface 
hardness ranging from about 58 to 62 RockweU C in order to optimally provide 
resistance to wear. 

15 The ei^ansion cone 2150 may be coupled to the outside sealing mandrel 

2140 using aay numb« of convmtional conunercialbr available medianical 
couplinpi such as, for exan^ile, drillpipe omnection, oilfidd country tubular 
goods specialty type threaded connection, welding, anuxrphous bonding or a 
standard threaded connection. In a preferred embodiment, the expansion cone 

20 2150 is coupled to the outside sealing mandrel 2140 using a standard threaded 
connection in order to optimally provide high strength and permit the 
expansion cone 2150 to be easily replaced. 

The casing 2155 is removably coupled to the slips 2126 and expansion 
cone 2150. The casing 2156 prd'orably comprises a tubular monber. The 

25 casing 2155 may be fabricated from any number of convoitional oommerdalty 
availaUe matf ri ala such as, for esanqd^ slotted tubulars, oilfield country 
tubular goods, low alloy steel, cariMn steel, stainless steel or other aimiiar high 
strength m a tm al. In a prefored embodiment, the casing 2155 is fabricated 
from oilfield counfry tubular goods available from various foreign and domestic 

30 steel mills in order to optimally provide hi^straigth. 

In a preferred embodiment, the upper &id 2260 of the casing 2155 
includes a thin wall section 2265 and an outer annular sealing member 2270. 
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In a preferred embodiment, the waU thickness of the thin wall section 2265 is 
about 50 to 100 % of the regular. waU thickness of the casing 2155. In this 
manner, the upper end 2260 of the casing 2155 nuqr be easily expanded and 
deformed into intimate contact with the lower end of an existing section of 
5 wellbore casing. In a preferred embodiment, the lower end of the existing 
section of casing also indudes a thin wall section. In this mannw, Oie radial 
expansion of the thin walled section 2265 of casing 2155* into the thin walled 
section of the existing wellbore casing results in a wellbore casing having a 
substantial^ constant inside diameter. 

10 The annular sealing member 2270 may be fabricated from any number of 

conventional commercially available sealing materials such as, for example, 
epoxy, rubber, metal or plastic. In a preferred embodiment, the annular sealing 

member 2270 is fabricated from StrataLock epo3qr in order to optimaify provide 
compressibilily and resistance to wear. The outside diameter of the annular 
15 sealing member 2270 preferably ranges from about 70 to 95 % of the inside 
diameter of the loww section of the wellbore casing that the casing 2155 is 
joined to. In this manner, after expansion, the annular sealing member 2270 
preferably provides a fluidic seal and also preferably provides sufficient 
fiictional force with the inaide surface of the existing section of wellbore casing 
20 during the radial expansion of the casing 2155 to support the casing 2155. 
In a iveferred embodimemt, the lower end 2275 of the casing 2155 
indudes a thin waU section 2280 and an outer annular sealing member 2285. 
In a preferred embodiment^ the wall thidmesa of the thin wall section 2280 is 
about 50 to 100 % of the regular waU thickness of the casing 2155. In this 
25 manner, the lower end 2275 of the casing 2155 may be easily expanded and 
deformed. Furthermore, in this manner, an other section of casing may be 
easily joined with the lower ead 2275 of the casing 2156 using a radial 
expansion process. In a preferred embodimoit, the upper end of the other 
section of casing also indudes a Oiin wall section. In this manner, the radial 
30 expansion of the thin walled section of the upper end of the other casing into 
the thin walled section 2280 of the lowo- rad of the casing 2155 results in a 
wdlbore casing having a substantially constant inside diameter. 
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The annular sealing member 2285 may be fabricated from any number of 
conventional commercially available sealing materials sudi as, for example, 
epoj^, rubber, metal or plastic. In a preferred embodith^t, the annular sealing 
mraiber 2285 is fabricated from StrataLock epo3cy in order to optimally provide 
5 compressibility and wear resistance. The outside diameter of the annular 
sealing member 2285 preferabty ranges from about 70 to 95 % of the inside 
diameter of the lower section of the existing wellbore casing that the casing 
2155 is joined to. In this manner, the annular dealing member 2285 preferably 
provides a fluidic seal and also preferably provides sufficient frictional force 
10 with the inside wall of the wellbore during the radial expansion of the casing 
2155 to support the casing 2155. 

During operation, the apparatus 2100 is preferably positioned in a 
wellbore with the upper end 2260 of the casing 2155 positioned in an 
overiiyping rela t io n ship with the lower end of an existing wellbore casing. In a 
15 particular^ preferred embodiment, the thin wall section 2265 of the casing 
2155 is positioned in opposing overl^ping relation with the thin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 2155 will 
oon^iress the thin wall sections and annular compressible manbers of the upper 
20 end 2260 of the casing 2155 and the lower end of the existing wellbore casing 
into intimate contact During the positioning of the apparatus 2100 in the 
wellbore, the casing 2155 is supjiorted by the expansion cone 2150. 

After positioning of the apparatus 2100, a first fluidic material is then 
pumped into the fluid passage 2160. The first fluidic material may comprise 
25 any number ofoonventionalcommerciaQy available materials such as, for 

example, drilling mud, water, epoxy. or cement In a p rrfcarred embodiment, the 
first fluidic material comprises a haidenable fluidic sealing matmal such as, for 
example, cement or epoxy in ordw to provide a hardraable outer annular body 
around the expanded casing 2155. 
30 The first fluidic material may be pumped into the fluid passage 2160 at 

operating pressures and flow rates ranging, for example, frt>m about 0 to 4,500 
psi and 0 to 3,000 gallons/minute. In a preferred embodiment the first fluidic 
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material is pumped into the fluid passage 2160 at operating pressures and flow 
rates ranging firom about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order 
to optimality provide operational efiidency. 

The first fluidic material pumped into the fluid passage 2160 passes 
5 through the fluid passages 2165, 2170, 2175, 2180 and thra outside of the 
apparatus 2100. The first fluidic material then fills the annular region between 
the outside of the apparatus 2100 and the interior walls' of the wellbore. 

The plug 2245 is then introduced into the fluid passage 2160« The plug 
2245 lodges in the throat passage 2240 and fluididy isolates and blocks off the 
10 fluid passage 2175. In a preferred embodiment, a couple of voliunes of a non- 
hardenable fluidic material are then pimiped into the fluid passage 2160 in 
order to remove any hardoiable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 

A second fluidic material is then pun4)ed into the fluid passage 2160. 
15 The second fluidic material may comprise any number of conventional 
commercially available materials such as, for eocample, drilling mud, water, 
drilling gases, or lubricants. In a preferred embodiment, the second fluidic 
material comprises a non-hardenable flmdic material such as, for example, 
water, drilling mud or lubricant in order to optimaUy provide pressurization of 
20 the pressure chamber 2250 and minimize frictional forces. 

The second fluidic material may be pumped into the fluid passage 2160 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallonsAninute. In a prrferred embodiment, the second 
fluidic material is punqied into the fluid passage 2160 at operating pressures 
25 and flow rates ranging firom about 0 to 3,500 psi and 0 to 1,200 gallons/minute 
in order to optimally provide operational efifideucy. 

The second fluidic material pumped into the fluid passage 2160 passes 
through the fluid passages 2165, 2170, and 2175 into the pressure chambers 
2195 of the slips 2125, and into the pressure chamber 2250. Continued 
30 pumping of the second fluidic matmial pressurizes the pressure chambers 2195 
and 2250. 
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The pressurization of the pressure chambers 2195 causes the slip 
members 2205 tp expand in the radial direction and grip the interior surface of 
the casing 2155. The casing 2155 is then preferabfy maintained in a 
substantial]!/ stationary position. 
5 The pressurization of the pressure chamber 2260 causes the upper 

sealing head 2130, outer sealing mandrel 2140 and expansion cone 2150 to 
move in an axial dureetion relative to the casing 2155. In this manner, the 
expansion cone 2160 wiU cause the casing 2155 to expand in the radial 
direction. 

10 During the radial expansion process, the casing 2155 is prevented from 

moving in an upward direction by the slips 2125. A length of the casing 2155 is 
then expanded in the radial direction through the pressurization of the pressure 
chamber 2250. The length of the casing 2155 that ia expanded during the 
expansion process wiU be proportional to the stnke length of the upper sealing 
15 head 2130, outer sealing mandrel 2140, and expansion cone 2160. 

Upon the completion of a stroke, the operating pressure of the second 
Quidic material ia reduced and the upper sealing head 2130, outer sealing 
mandrel 2140, and expansion cone 2150 drop to their rest positions with the 
casing 2155 supported by the expansion cone 2150. The position of the driUpipe 
20 2105 is preferably adjusted throughout the radial expansion process in order to 
maintain the overli,)ping relationship between the thin waUed sections of the 
lower end of the easting wellbore casing and the upper end of the casing 2155. 
In a preferred embodiment, the stroking of the expansion cone 2150 is then 
repeated, as neoeasary. untU the thin waUed section 2265 of the upper end 2260 
25 of the casing 2155 is expanded into the thin walled section of the lower end of 

the existing wellborn casing. In this manner, a wellbore casing is formed 
including two at^acent sections of casing having a substantially constant inside 
diameter. This process m^ then be repeated for the entirety of the wellbore to 
provide a weUbore casing thousands of feet m length having a substantially 
30 constant inside diameter. 

In a preferred dnbodiment, during the final stroke of the expansion cone 
2150, the sUps 2125 are positioned as dose as possible to the thin waUed section 
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2265 of the upper end of the casing 2155 in order minimize slippage between 
the casing 2155 and the existing wellbore casing at the end of the radial 
expansion procefis. Alternatively^ or in iaddition, the outside diameter of the 
annular sealing mmber 2270 is selected to ename suiiident interference fit 
5 with the inside diameter of the lower end of the «tfl ftiT^g casing to prevent axial 
displacement of the casing 2155 during the final stroke. Alternatively, or in 
addition, the outside diameter of the annular sealing member 2285 is selected 
to provide an intoference fit with the inside walla of the wellbore at an earlia 
point in the radial expansion process so as to prevrat further axial displacraent 
10 of the casing 2155. In this final alternative^ the interference fit is preferably 
selected to permit expansion of the casing 2155 by pulling the expansion cone 
2150 out of the wellbore, without having to pressurize the pressure chamber 
2250. 

During the radial expansion process, the pressurized areas of the 
15 apparatus 2100 are limited to the fluid passages 2160, 2165, 2170, and 2175, the 
pressiu^ chambers 2195 within the slips 2125, and the pressure chamber 2250. 
No fluid presstnre acts directly on the casing 2155. Thia permits the use of 
operating pressures higher than the casing 2155 could normally withstand. 

Once the casing 2155 has he&i completely expanded off of the expansion 
20 cone 2150, remaining portions of the apparatus 2100 ate removed from the 
wellbore. In a pi^erred enobodiment^ the contact pressure betwem the 
deformed thin wall sections and compressible onmitar members of the lower 
end of the existing casing and the uppo* end 2^60 of the casing 2155 ranges 
from about 500 to 40,000 psi in order to optimally support the casing 2155 
25 using the existing vvellbore casing. 

In this manner, the casing 2155 is radial^ expanded into contact with an 
existing section of casing by pressurizing the intoior fluid passages 2160, 2165, 
2170, and 2175 and the pressure chamber 2250 of the c^paratua 2100. 

In a preferred embodiment, as required, the ««"Ml»y bo4y of hardenable 
30 fluidic mat e ria l is then allowed to cure to form arigid outer annular body about 
the expanded casing 2155. In the esse where the casing 2155 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
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2155. The resulting new section of wellbore casing includes the expanded 
casing 2166 and the rigid outer annular body. The overlapping joint between 
the pre^ting weUbore casing and the expanded casing 2155 includes the 
deformed thin wall sections and the compressible outo- annular bodies. The 
5 inner diameter of the resulting combined weUbore casings is substantially 
constant In this manner, a mono-diameter wellbore casing is formed. This 
process of expanding overlapping tubular members having thin wall end 
portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing 
10 can be provided for thousands of feet in a subterranean farmation. 

In a preferred embodiment, as the expansion cone 2150 nears the upper 
end of the casing 2155, the operating flow rate of the second fluidic matmal is 
reduced in order to minimize shods to the apparatus 2100, In an alternative 
embodiment, the a«>paratu8 2100 includes a shock absorber for absorbing the 
15 shock created by the conqdetion of the radial expansion of the casing 2155. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 pai as the expansion cone 2130 
neara the end of the casing 2165 in order to optimal^ provide reduced axial 
movement and velodly of the expansion cone 2130. In a preferred embodiment, 
20 the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 2100 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2130 during the 
return stroke. In a preferred embodiment, the stroke length of the apparatus 
2100 ranges from about 10 to 45 feet in ord» to optimally provide equipment 
25 lengths that can be handled by conventional oil weU rigging etpiipmait whfle 
also minimizing the frequency at which the ezpansion cone 2130 must be 
stopped so that the apparatus 2100 can be re>8troked. 

In an alternative ^nbodiment, at least a portion of the upper sealing 
head 2130 includes an expansion cone for radiafly i»»p«ti«<itig the casing 2155 
30 during operation of the iqqnratus 2100 in order to increase the surface area of 
the casing 2155 acted tipon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 
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Alternatively, the apparatus 2100 may be used to join a first section of 
pipeline to an existing section of pipeline. Altemativeiy, the apparatus 2100 
may be used to directly line the intmor of a wellbore with a casings without the 
use of an outer annular layer of a hardenable material. Altematiyely, the 
5 apparatus 2100 may be used to expand a tubular support member in a hole. 
Referring now to Figures 17, 17a and 17b, another embodiment of an 
apparatus 2300 for eaqpanding a tubular monbv wiU be'described. The 
apparatus 2300 preferabfy indudes a drillpipe 2305, an innerstring adulter 
2310, a sealing sleeve 2315, a tydraulic slip bo^y 2320, hydraulic slips 2325, an 
10 inner sealing mandrel 2330, an upper sealing head 2335, a lower sealing head 
2340, a load mandrel 2345, an outer sealing mandrel 2350, an expansion cone 
2355, a mechanical slip bod^ 2360, mechanical slips 2365, drag blocks 2370, 
casing 2375, fluid passages 2380, 2385, 2390, 2395, 2400, 2405, 2410, 2415, and 
2485, and mandrel launcher 2480. 
15 The driUpipe 2305 is coupled to the innerstring adapter 2310. During 

operation of the apparatus 2300, the drillpipe 2305 supports the apparatus 
2300. The drillpipe 2305 preferably comprises a substantially hollow tubular 
member or members. The drillpipe 2305 may be fabricated from any number of 
conventional commercially available tnn*«n>|f^ such aa, for example, oilfield 
20 countiy tubular goods, low aUqr steel, carbon steel, stjBunlesssted or o 

similar high strength materials. In a preferred embodiment, the driUptpe 2305 
is fabricated from coiled tubing in order to fadliate the placement of the 
apparatus 2300 in non-vertiGalwdlbores. The drillppe 2305 may be coupled to 
the innerstring adapter 2310 using any number of conventional commercially 
25 available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty threaded connection, or a standard 
threaded connection. In a prrfer red embodiment, the drillpipe 2305 is 
removably coupled to the innostring ad^ter 2310 fay a drillpipe connection. 
The driUpipe 2305 preferably includes a fluid passage 2380 that is 
30 adapted to convey fluidic materials from a surface locAtioQ into the fluid 

passage 2385. In a preferred embodiment, the fluid passage 2380 is adapted to 
convey fluidic materials sudi as, for example, cemeit» water, epoxy, drilling 
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muds, or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 pai and 0 to 6,000 gallonsMute in order to optimaUy provide 
operational effidoicy. 

The innerstnng adapter 2310 is coupled to the drill string 2305 and the 
5 sealing sleeve 2316. The innerstring adapter 2310 preferably comprises a 
substantially hollow tubular membo- or members. The innerstnng adulter 
2310 may be fabricated from any number of conventional commerdaUy 
available materials such as, for example, oilfidd countiy tubular goods, low 
alloy steel, carbon steel, stainless sted or other similar high strength matmals. 
10 In a preferred onbodiment, the innerstnng adapter 2310 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 

The innerstnng adi^iter 2310 nugr be coupled to the drill string 2305 
using any number of conventional commerciaQy available medianical couplings 
15 such as, for example, drillpipe connection, oilfield countiy tubular goods 
specialty threaded connection, or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2310 is removably coupled to 
the drill iHpe 2305 by a drillpipe connection. The innerstring adapts 2310 may 
be coupled to the sealing sleeve 2315 using any number of conventional 
20 commodally available mechanical couplings such as, for example, a drillpipe 
connection, oilfield country tubular goods specialty thr^ed connection, or a 
standard threaded connection. In a preferred embodiment, the innerstring 
ad^ter 2310 is removabfy coupled to the sealing sleeve 2315 by a standard 
threaded connection. 

25 The inneratring adapter 2310 prrferd)|]r includes a fluid passage 2385 

that is adapted to convey fluidie matoiab from the fluid passage 2380 into the 
fluid passage 2390. In a preferred anbodimait, the fluid passage 2385 is 
ad^ted to convey fluidie materials such as, for esampie, cemoit, epaxy, water, 
drilling mud, drilling gases or lubricants at operating pressures and flow rates 

30 ranging from about 0 to 9,000 pd and 0 to 3.000 gaUona/minute. 

The sealing sleeve 2315 is coupled to the innerstring adapter 2310 and 
the hydraulic slip body 2320. The sealing sleeve 2315 preferably comprises a 
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substantially hollow tub\ilar member or members. The sealing sleeve 2315 may 
be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular gooda, low alloy steel, 
carbon steel, stainless steel or other similar high strength nrm»iirifl |p Iq a 
5 preferred embodiment, the sealing sleeve 2315 is fabricated firom stainless steel 
in order to optimally provide hi^ strength, corrosion resistance, and low- 
friction surfaces. 

The sealing sleeve 2315 may be coupled to the innerstring adapter 2810 
using any number of oonventional oommercialfy available mechanical couplings 
10 such as, for example, drillidpe connections, oilfield countiy tubular goods 
specialty threaded connections, or a standard threaded connection. In a 
preferred embodiment, the sealing sleeve 2315 is removably coupled to the 
innerstring adapter 2310 by a standard threaded connection. The sealing sleeve 
2315 may be coupled to the hydraulic slip bo^y 2320 using any number of 

15 conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
sealing sleeve 2315 is removab^ coupled to the hydraulic slip body 2320 by a 
standard threaded connection. 

20 The sealing sleeve 2315 preferably includes a fluid passage 2390 that is 
adapted to convey fluidic materials from the fluid passage 2385 into Uie fluid 
passage2395. In a prtfen^ embodinient, the fluid passage 2315 is adapted to 
convey fluidic matmalfl such as, for example, cement^ epoxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging fiT>m about 0 to 

25 9,000 pai and 0 to 3,000 gailonateinute. 

The hydraulic slip bo4y 2320 is coupled to the sealing sleeve 2315, the 
hydraulic slips 2325, and the inner sealing mandrd 2330. The hydraulic slip 
body 2320 preferablty comprises a substantially hoUow tubular member or 
memb^. The hydraulic slip bo4y 2320 may be fabricated from any niunber of 

30 conventional commercial^ available materials such as, for example, oilfidd 
country tubular gopdsi low allqy steel, carbon steel, stainless steel or other high 
strength material In a preferred mnbodiment, the hydraulic slip body 2320 is 
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fabricated from carbon steel in order to optimally provide high strength at low 
cost 

The hydraulic slip body 2320 may be coupled to the sealing sleeve 2315 
using any number of conventional commercially available mechanical couplings 
5 such as, for example, drillpipe connection, oilfield countty tubular goods 
specialty threaded connection, or a standard threaded connection. In a 
preferred embodiment, the hydraulic slip body 2320 is removably coupled to the 
sealing sleeve 2315 by a standard threaded connection. The hydrauhc slip body 
2320 may be coupled to the slips 2325 using any number of conventional 
10 commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment^ the hydraulic slip body 2320 is removably coupled to the slips 
2325 by a standard threaded connection. Tlie hydraulic slip body 2320 may be 

15 coupled to the innw sealing mandrel 2330 using any number of conventional 
commercially available medianical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2320 is ranovably coupled to the inner 

20 sealing mandrel 2330 by a standard threaded connection. 

The hydraulic slips body 2320 preferably includes a fluid passage 2395 
that is adapted to convey fluidic materials from the fluid passage 2390 into the 
fluid passage 2405. In a pr^erred onbodiment, the fluid passage 2395 is 
adapted to convey fluidic materials such as, for example, cement, epoocy, water, 

25 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 pai and 0 to 3,000 gallonsAninute. 

The hydraulic slipa boc^y 2320 prrferab^y includes fluid passage 2400 that 
are adapted to convey fluidic materials bom the fluid passage 2395 into the 
pressure chambm 2420 ofthe hydraulic slips 2325. In this manner, the slips 

30 2325 are activated upon the pressurization of the fluid passage 2395 into 
contact with the inside surface of the casing 2375. In a preferred embodiment, 
the fluid passages 2400 are adapted to convey fluidic materials such as, for 
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example, water, drilling mud or lubricants at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gailona/minute. 

The slips 2325 are coupled to the outside surface of the hydraulic slip 
bo4y 2320. During operation of the apparatus 2300, the slips 2325 are activated 
5 upon the pressurization of the fluid passage 2395 into contact with the inside 
surface of the casing 2375. In this manner, ihe slips 2325 Tn^ipfc^in the casing 
2375 in a substantially stationaxy position. 

The slips 2325 preferably include the fluid passages 2400, the pressure 
chambers 2420, spring bias 2425, and slip members 2430, The slips 2325 may 
10 comprise any number of convoitional commercially available hydraulic slips 
such as, for example, RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. In a prefored embodiment, the 
slips 2325 comprise RTTS padcer tungsten carbide hydraulic slips available 
from Hallibturton Energy Services in order to optimally provide resistance to 
15 axial movement of the casing 2375 during the radial expansion process. 

The inner sealing mandrel 2330 is coupled to the hydraulic sUp body 
2320 and the lower sealing head 2340. The innor sealing mandrel 2330 
preferably comprises a aubstantiaUy hollow tubular mesnber or members. The 
inner sealing mandrel 2330 may be fabricated from any number of conventional 
20 commerdaUy available materiab such as, for exaoovle, oflfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In aprtferred embodiment, the inner sealing mandrel 2330 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low fivlion surfaces. 
25 The nmer sealing mandrd 2330 may be coupled to the hydraulic slip 

body 2320 using any numb^ of conventional commeraally available mechanical 
couplings such as, for example, drillpipe connection, oilfidd oountry tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a prefored embodim»t, the inner sealing 
30 mandrd 2330 is removably coupled to the hydraulic slip bo^y 2320 by a 

standard threaded connection. The inner sealing mandrel 2330 may be coupled 
to the lower sealing head 2340 using any number of conventional commercially 
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available mechanical couplings such as, for example, driflpipe connection. 

oimeld countiy tubular goods specialty threaded connection, weldinft 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the inner sealing mandrel 2330 is removably coupled to the lower 
5 sealing head 2340 by a standard threaded connection. 

The inner sealing mandrel 2330 preferably includes a fluid passage 2406 
that is adapted to convey fluidic materials from the fluid passage 2895 into the 
fluid passage 2415. In a preferred embodiment, the fluid passage 2405 is 
adapted to convey fluidic materiab such as, for example, cement, epoxy, water, 
10 drilling mud, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 2335 is coupled to the outer sealing mandrel 
2345 and expansion cone 2355. The upper sealing head 2335 is also movably 
coupled to the outer surface of the inner sealing mandrel 2330 and the inner 
15 surface of the casing 2375. In this manner, the upper sealing head 2335 
reciprocates in the axial direction. The radial dearanoe between the inner 
qrlindrical surface of the upper sealing head 2335 and the outer surface of the 
inner sealing mandrel 2330 may range, for example, from about 0.0025 to 0.05 
inches. In a prefened embodiment, the radial clearance between the inner 
20 cylindrical surface of the upper sealing head 2335 and the outer surface of the 
inner sealing mandrel 2330 ranges from about 0.006 to 0.01 inches in order to 
optimally provide minimal clearance. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2335 and the inner surface of the 
casing 2375 may range, for example, from about 0.025 to 0.375 inches. In a 
25 preferred embodiment, the radial clearance between the outer (Tlindrical 
surface of the upper sealing head 2335 and the inner surface of the casmg 2375 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 2355 during the expansion process. 

The uppCT sealing head 2335 preferabbr comprises an annular member 
30 having substantially cylindrical inner and outer surfaces. The upper sealing 
head 2335 may be fabricated from any number of conv«itional commercially 
available materials such as, for example, oilfield country tubular goods; low 
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alloy steel, carbon steel, stainless steel or other similar high strength materials* 
In a preferred embodiment^^the upper sealing head 2335 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The inner surface of the upper sealing head 2335 
5 preferably includes one or more annular sealing members 2435 for sealing the 
interface between the upper sealing head 2335 and the inner sealing mandrel 
2330. The sealing members 2435 may oonqsrise any number of conventional 
commerciaily available annular sealing members such as, for example, o-rings, 
pollypak seals or metal spring ^ergized seals. In a preferred embodiment, the 
10 sealing members 2435 comprise polypak seab available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2335 indudea a 
shoulder 2440 for supporting the upper sealing head on the lower sealing head 
1930. 

15 The upp^ sealing head 2335 may be coupled to the outer sealing 

mandrel 2350 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodimmt, the upper sealing 

20 head 2335 is removably coupled to the outer sealing mandrel 2350 by a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the upper sealing head 2335 and the outer sealing mandrel 
2350 includes one or more sealing members 2445 for fluidic^ sealing the 
interface befeweoi the upper sealing head 2335 and the outer sealing mandrel 

25 2350. The sealing menibera 2445 m^yconqirise any number of convent!^ 
commercially available sealing members such as, for example, o-rings, polypak 
seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 2445 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for long axial strokes. 

30 The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 
and the load mandrel 2345. The lower sealing head 2340 is also movably 
coupled to the iimer surface of the outer sealing mandrel 2350. In this manner, 
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the upper sealing head 2335 and outer seaUng mandrel 2350 reciprocate in the 
axial direction. . The radial clearance between the outer surface of the lower 
sealing head 2340 and the inner surface of the outer sealing mandrel 2350 may 
range, for example, from about 0.0025 to 0,05 inches. In a preferred 
5 embodiment, the radial clearance between the outer surface of the lower sealing 
head 2340 and the inner surface of the outer sealing mandrel 2350 ranges from 
about 0.005 to 0.010 inches in order to optimally provide minimal radial 
clearance. 

The lower sealing head 2340 preferably comprises an anii ular member 
10 having substantially cylindrical inner and outer surfaces. The lower sealing 
head 2340 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield tubular members, low alloy 
steel, carbon steel, stainless sted or other sinoilar hi^ strength materials. In a 
preferred embodiment, the lower sealing head 2340 is fabricated from stainless 
15 steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. The outer surface of the lower sealing head 2340 preferably 
includes one or more annular sealing members 2450 for sealing the interface 
between the lower sealing head 2340 and the outer sealing mandrel 2350. The 
sealing membm 2450 may comprise any number of conventional commercially 
20 available annular sealing members such as, for example, o-rings, polypak seals 
or metal spring energized seals. In a preferred embodiment, the sealing 
members 2450 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

The lower sealing head 2340 may be coupled to the inner sealing mandrel 
25 2330 using any numb^ of conventional commercially available mechanical 
couplin^i such as, for example, drillpipe connection, oilfield country tubular 
specialty threaded connection, welding, amorphous bonding, or standard 
threaded connection. In a preferred embodiment, the lower sealing head 2340 
is removably coupled to the innw sealing mandrd 2330 by a standard threaded 
30 connection. In a pref«red embodiment, the mechanical coupling between the 
lower sealing head 2340 and the inner sealing mandrel 2330 inchides one or 
more sealing members 2455 for fluididy sealing the interface between the lower 
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sealing head 2340 and tiie inner sealing mandrel 2330. The sealing members 
2455 may comprise any number of conventional commercially available sealing 
members such as, for example, o-ringB» polypak or metal spring energized seals. 
In a preferred embodiment^ the sealing members 2455 comprise polypak seals 
5 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke length. 

The lower sealing head 2340 may be coupled to the load mandrd 2345 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield oountiry tubular goods 

10 specialty threaded connection, wdding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 2340 
is removably coupled to the load mandrel 2345 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling betwe^ the 
lower sealing head 2340 and the load mandrd 2345 includes one or more 

15 sealing members 2460 for fluididy sealing the interface between the lower 
sealing head 2340 and the load mandrel 2345. The sealing members 2460 may 
comprise any number of conventional commerdaUy available sealing members 
such as, for example, o-ringa, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 2460 comprise polypak seab 

20 available from Parker Seab in order to optimally provide sealing for a long 
stroke length. 

In a prefenred embodiment, the lower sealing head 2340 induda a throat 
passage 2465 Ouididyraupled between the fhud passages 2406 and 241& The 
throat passage 2465 is preferably of reduced size and is adapted to recdve and 

25 engage with a phag 2470, or other similar device. In this manner, the fluid 
passage 2405 is fluididy isolated frvm the fluid passage 2415. In this manner, 
the pressure chamber 2475 is pressurized. 

The outer sealing mandrel 2350 is coupled to the upper sealing head 
2335 and the expansion cone 2355. The outa sealing mandrel 2350 is also 

30 movably coupled to the inner surface of the casing 2375 and the outer surface of 
the lower sealing head 2340. In this manner, the upper sealing head 2335, 
outer sealing mandrel 2350, and the expansion cone 2355 redprocate in the 
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axial direction* The radial clearance between the outer surface of the outer 
sealing mandrel 2350 and the iQner surface of the casing 2375 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the outer sealing mandrel 2350 
5 and the inner surface of the casing 2375 ranges from about 0.025 to 0,125 
inches in order to optimally provide stabilization for the expansion cone 2355 
during the expansion process. The radial clearance between the inner surface 
of the outer sealing mandrel 2350 and the outer surface of the lower sealing 
head 2340 may range, for example, from about 0,0025 to 0.375 inches. In a 
10 preferred embodiment, the radial clearance between the inner surface of the 
outer sealing mandrel 2350 and the outer surface of the lower sealing head 2340 
ranges from about 0.005 to 0.010 inches in order to optimally provide minimal 
clearance* 

The outer sealing mandrel 2350 preferabfy comprises an annular 
15 mmber having substantiaUy cylindrical inner and outer surfaises. The outer 
sealing mandrel 2350 may be fabricated from any number of conventional 
commercially available materials such as, for example, low allqy steel, carbon 
steel, stainless sted or other similar hi^ stragth materials. In a preferred 
embodiment, the outer sealing mandrel 2350 is fabricated from stainless steel 
20 in order to optima^ provide high strength, corrosion resistance, and low 
friction surfaces. 

The outer sealing mandrel 2350 may be coupled to the upper sealing 
head 2335 using any number of conventionai commerdaUy available medianical 
couplings sudi as, for example, drillpipe connections, oilfield countiy tubular 

25 goods specialty threaded connections, welding, amorphous bonding, or a 
standard threaded connection. In a prtferred embodiment, the outer sealing 
mandrel 2350 is removably coupled to the ^tppet sealing head 2335 fay a 
standard threaded connection. The outer sealing mandrel 2350 may be coupled 
to the expansion .cone 2355 using any number of conventional commercially 

30 available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
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embodiinMit, the outer sealing mandrel 2350 is removably coupled to the 
expansion cone 2355 by a standard threaded connection. 

The upper sealing head 2335, the lower sealing bead 2340, the inner 
sealing mandrel 2330, and the outer sealing mandrel 2350 together define a 
5 pressure chamber 2475. The pressure chamber 2475 is fluididy coupled to the 
passage 2405 via one or more passages 2410* During operation of the apparatus 
2300, the plug 2470 engages with the throat passage 2465 to fluididy isoUte the 
fluid passage 2415 firom the fluid passage 2406. The pressure chamber 2475 is 
then pressurized whi^ in turn causes the upper sealing head 2335, outer 
10 sealing mandrel 2350, and expansion cone 2355 to redprocate in the axial 
direction. The aadal motion of the expansion cone 2355 in turn expands the 
casing 2375 in the radial direction. 

The load mandrel 2345 is coupled to the lower sealing head 2340 and the 
mechanical slip bo4jr 2360. The load mandrel 2345 preferably comprises an 
15 annular member having substantiaUy cylindrical inner and outer surfa The 
toad mandrel 2345 may be fabricated from any number of conventional 
commoxially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless sted or other similar high strength 
materials. In a preferred embodiment, the load mandrel 2345 is fabricated from 
20 stainless sted in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 

The load mandrd 2345 may be coupled to the lower sealing head 2340 
using any number of cQnvwtiQnal commmially available mechanical couplings 
sudi as, for example, drillpipe oonnection, oilfidd country tubular goods 
25 specialty threaded connection* wdding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the load mandrel 2345 is 
removably coupled to the lowv sealing head 2340 fay a standard threaded 
connection. The load mandrd 2346 may be coupled to the mechanical slip bocly 
2360 using any number of oonventiond conunercially available mechanical 
30 couplings such as, for example, drillpipe connection, oilfield country tubular 
goods spedalty thriBacled connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the load mandrel 
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2345 is removably coupled to the mechanical slip body 2360 by a standard 
threaded connection. 

The load mandrel 2345 preferably includes a fluid passage 2415 that is 
adapted to conv^ fluidic materials from the fluid passage 2405 to-the region 
5 outside of the ^paratus 2300. In a preferred embodiment, the fluid passage 
2415 is adapted to convey fluidic materials such as, for example, cement^ epoxy, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 pai and 0 to 3,000 gallonsAninute. 

The expansion cone 2355 is coupled to the outer sealing mandrel 2350* 
10 The expansion cone 2355 is also movably coupled to the inner surface of the 
casing 2375. In this manner, the upper sealing head 2335, outer sealing 
mandrel 2350, and the expansion cone 2355 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2355 causes the casing 2375 to expand 
in the radial direction. 
15 The expansion cone 2355 preferably comprises an «»^nular member 

having substantially qylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for exan^le, from about 2 to 34 
inches. In a preferred embodiment^ the outside radius of the outside conical 
surface ranges from about 3 to 28 inches in order to optimal^ provide radial 
20 expansion of the typical casings. The axial length of the expansion cone 2355 
may range, for example, from about 2 to 8 times the largest outside diameter of 
the expansion cone 2355. In a prefened embodiment^ the axial length of the 
expansion cone 2355 ranges from about 3 to 5 times the largest outside 
diameter of the expansion cone 2355 in order to optimally provide stability and 
25 centralization of the expansion oone 2355 during the expansion process. In a 
preferred embodiment, the angle of attadc of the expansion cone 2355 ranges 
from about 5 to 30 degrees in order to optimally fiictional forces with radial 
expansion forces. The optimum an|^e of attack of the expansion oone 2355 will 
vary as a function of the operating parameters of the particular expansion 
30 operation. 

The expansion cone 2355 may be fabricated fit>m any number of 
conventional commercially available materials such as, for example, machine 
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tool steel, nitride steel, titanium, tungsten carbide, ceramics or other similar 
high strength materials. In a preferred embodiment^ the expansion cone 2355 
is fabricated from D2 machine tool steel in order to optimally provide high 
strength, abrasion resistance, and galling resistance. In a particularly preferred 
5 embodiment, the outside surface of the expansion cone 2355 has a surface 
hardness ranging from about 58 to 62 RockweU C in order to optimally provide 
high strength, abrasion resistancep resistance to galling: 

The expansion cone 2355 may be coupled to the outside sealing mandrel 
2350 using any number of conventional commercially available mechanical 
10 couplings such as, for example, driUpipe connection, oilfidd countiy tubular 
goods specialty threaded connection, weldmg, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the expansion cone 
2355 is coupled to the outside sealing mandrel 2350 using a standard threaded 
connection in order to optimaUy provide high strength and permit the 
15 expansion cone 2355 to be easily replaced 

The mandrel launcher 2480 is coupled to the casing 2375. The mandrel 
launcher 2480 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 2375. In a preferred embodiment, the waU 
thickness of the mandrel launcher 2480 is about 50 to 100 % of the waU 
20 thickness ofthe casing 2375. In this manner, the initiation of the radial 

expansion of the casing 2375 is facilitated, and the placement of the apparatus 
2300 into a wellbore casing and wellbore is facilitated. 

The mandrel launcher 2480 may be coupled to the casing 2375 using any 
number of conventional mechanical ooupUngB. The mandrel launcher 2480 may 
25 have a wall thickness ranging; for example, from about 0.15 to 1.5 inches. In a 
preferred embodimoit, the wall thickness ofthe mandrel launcher 2480 ranges 
from about 0.25 to 0.75 inches in order to optimaUy provide hi^ strength in a 
minimal profile. The mandrel launcher 2480 may be fabricated from any 
number of conventional commercially available rnftt^'aja such as, for example, 
30 oilfield tubular goods, low alloy steel, cariwn steel, stainless steel or other 
similar hi^ strength materials. In a preferred embodiment, the mandrel 
launcher 2480 is fabricated from oilfield tubular goods having a higher strength 
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than that of the casing 2375 but with a smaUer waU thickness than the casing 
2375 in order to optimaUy provide 4 . thin walled container having approximately 
the same burst strength as that of the casing 2375. 

The mechanical slip body 2460 is coupled to the load mandrel 2345, the 
5 mechanical slips 2365, and the drag blocks 2370. The mechanical slip body 
2460 preferably conqirises a tubular member having an inner passage 2486 
fluididy coupled to the passage 2415. In this manner, fluidic materials may be 
conveyed from the passage 2484 to a region outside of the apparatus 230O. 

The mechanical slip bodtjr 2360 may be coupled to the load mandrel 2345 
10 usingany number of conventional mechanical couplings. In a {Referred 
embodiment, the mechanical slip body 2360 is removably coupled to the load 
mandrel 2345 using threads and sliding steel retaining rings in order to 
optimally provide a hi^ strength attachment The mechanical slip body 2360 
may be coupled to the medianical slips 2365 using any number of conventional 
15 mechanical couplings. In a {areferred embodiment, the medxanical slip body 
2360 is removably coupled to the mechanical slips 2365 using threads and 
sliding steel retaining rings in order to optimally provide a hi^ strengUi 
attachment The mechanical slip body 2360 mqr be coupled to the drag blocks 
2370 using any number of conventional medianical couplings. In a preferred 
20 embodiment the mechanical slip body 2360 is removably coupled to the drag 
blocks 2365 using threads and sliding steel retaining rinp in order to optimally 
provide a high strength attachment 

The mechanical slips 2365 are coupled to the outside surface of tbs 
mechanical slip body 2360. During operation of the apparatus 2300, the 
25 mechanical slips 2365 prevent upward movonent of the casing 2375 and 
mandrel launcher 2480. In this manner, during the axial reciprocation of the 
expansion cone 2355, the casing 2375 and mandrel launcher 2480 are 
m ai n ta in ed in a substantially stationary position. In this manna-, the mandrel 
launcher 2480 and casing 2375 are expanded in the radial dinction by the axial 
30 movementof the expansion cone 2355. 

The mechanical slips 2S65 may comprise any number of conventional 
commwdally available mechanical slips such as, for example, RTTS packer 
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tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
Model 3L retarievahle bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment, the mechanical slips 2365 comprise RTTS packer 
tungsten carbide mechanical slips available from Halliburton Energy Services 
5 in order to optimally provide resistance to axial movement of the casing 2375 
during the expansion process. 

The drag blocks 2370 are coupled to the outside surface of the 
mechanical slip bo^y 2360. During operation of the ^paratus 2300, the drag 
blocks 2370 prevent upward movement of the casing 2375 and mandrel 
10 launcher 2480. In this manner, during the axial reciprocation of the expansion 
cone 2355, the casing 2375 and mandrel launcher 2480 are maintained in a 
substantiaUy stationary position. In this manner, the mandrel launcher 2480 
and casing 2375 are expanded in the radial direction by the axial movement of 
the expansion cone 2355, 
15 The drag blocks 2370 may comprise any number of conventional 

commercially available mechanical slips such as, for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2370 comprise RTTS packer mechanical 
drag blocks available from Halliburton Energy Services in orda to optimally 
20 provide resistance to axial movement of the casing 2375 during the expansion 
process. 

The casing 2375 ia coupled to the mandrel launcher 2480. Thecasing 
2375 is further removably oouirfed to the mechanical slipa 2365 and drag blocks 
2370. The casing 2375 prefwably comprises a tubular member. The casing 

25 2375 may be fabricated from any number of conventional commerdaUy 
available materials such as, for example, slotted tububra, oil countiy tubular 
goods, carbon steel, low alloy sted, stainless sted or other similar big*^ strength 
materials. In a preferred embodiment, the casing 2375 is fabricated from 
oilfield country tubular goods available from various foreign and domestic steel 

30 mills in ord« to optimally provide high strength. In a preferred embodiment, 
the upper end of the casing 2375 includes one or more sealing members 
positioned about the extmor of the casing 2375. 
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During operation, the apparatus 2300 is positioned in a weUbore with the 
upper end of Uie casiiig 2375 positioned in an overl^tping relationship within 
an existing wellbore casing. In order minimize surge pressures within the 
borehole during placement of the apparatus 2300, the fluid passage 2380 is 
5 preferably provided with one or more ivessure relief passages. During the 
placement of the apparatus 2300 in the wellbore, the casmg 2375 is supported 
by the expansion cone 2355. 

After positioning of the apparatus 2300 within the bore hole in an 
overlapping relationship with an existing section of wellbore casing, a first 
10 fluidic material is pumped into the fluid passage 2380 from a surface location. 
The first fluidic material is conveyed from the fluid passage 2380 to the fluid 
passages 2386, 2390, 2395, 2405, 2415, and 2485. The fiiat fluidic material wiU 
then exit the apparatus 2300 and fill the annular region between the outside of 
the apparatus 230O and the intmw walls of the bore hole. 
15 The first fluidic material may conqxrise any number of conventional 

commercially available materials such as. for example^ epaxy, drilling mud, slag 
mix, cement, or water. In a preferred embodimoit, the first fluidic material 
comprises a hardenable fluidic sealing material such as, for example, slsg mix, 
epo^, or cemoiL In this manna*, a wellbore casing having an outer annular 
20 layer of a hardmable material may be formed. 

The first fluidic material may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
pai, and 0 to 3,000 gallons/minute. In a preforred embodiment, the first fluidic 
material is pumped into the apparatus 2300 at oporating pressures and flow 
25 rates ranging fit>m about 0 to 3,500 pei and 0 to 1,200 gaUonsMiinute in order 
to optimaUy provide operational efiBdencgr. 

At a predetermined point in the iAjection of the firat fluidic material such 
as, for exanqile, after the annular region outside of the ^paratus 2300 has been 
filled to a predetomined levd, a phig 2470, dart, or oQxa similar device is 
30 introduced into the first fluidic matoiaL The |dug 2470 lodges in the throat 
passage 2465 thereby fluididy isolating the fluid passage 2405 from the fluid 
passage 2415. 
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After placement of the plug 2470 in the throat passage 2465, a second 
fluidic material js pmnped into the Quid passage 2380 in order to pressurize the 
pressure chamber 2475. The second fluidic mat^al nmy comprise any number 
of conventional conmierdally available materials such as, for example, water, 
5 drilling gases, drilling mud or lubricants. In a preferred embodiment^ the 
second fluidic material comprises a non-hardenable fluidic material such as, for 
example, water, drilling mud or lubricant 

The second fluidic material may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 

10 psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material is pumped into the q^paratus 2300 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in 
order to optimally provide operational efiSdenc^. 

The pressurization of the pressure chamber 2475 causes the upper 

15 sealing head 2335, outer sealing mandrd 2350, and expansion cone 2355 to 
move in an axial direction. The pressurization of the pressure chamber 2475 
also causes the hydraulic slips 2325 to expand in the radial direction and hold 
the casing 2375 in a substantially stationary position. Furthermore, as the 
expansion cone 2355 moves in the axial direction, the expansion cone 2355 pulls 

20 the mandrel launcher 2480 and drag blocks 2370 along; wdiich sets the 
mechanical slips 2365 and stops further axial movement of the mandrd 
launcher 2480 and casing 2375. In this manner, Uie axial movement of the 
expansion cone 2355 radially expands the mandrel launcher 2480 and casing 
2375. 

25 Once the upp» sealing head 2335, outer sealing mandrel 2350, and 

expansion cone 2355 complete an axial stroke, the operating pressure of the 
second fluidic material ta reduced. The reduction in the operating pressure of 
the second fluidic material releases the hydraulic slips 2325. The drill string 
2305 is then raised. This causes the inner sealing mandrel 2330, lower sealing 

30 head 2340, load mandrel 2345, and mechanical slip body 2360 to move upward. 
This unsets the medianical slips 2365 and permits the mechanical slips 2365 
and drsg blocks 2370 to be moved wiUiin the mandrel launcher 2480 and casing 

•146- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



2375. When the lower sealing head 2340 contacts the upper sealing head 2335, 
the second fluidic material is again pressurized and the radial expansion process 
continues. In this manner, the mandrel launcher 2480 and casing 2375 are 
radial expanded through repeated axial strokes of the upper sealipg head 2335, 
5 outer sealing mandrel 2350 and expansion cone 2355. Throughput the radial 
expansion process, the upper end of Uie casing 2375 is preferably maintained in 
an overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the uppOT end of the casing 
2375 is expanded into intimate contact with the inside surface of the lower end 

10 of the existing wellbore casing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 2375 provide a fluidic seal 
between Uie outside surface of the upper end of the casing 2375 and the inside 
surface of the lower end of the existing wdlbore casing. In a preferred 
embodiment, the contact pressure between the casing 2375 and the existing 

15 section of wellbore casing ranges from about 400 to 10,000 pel in order to 
optimally provide contact pressure, activate the sealing members, and 
withstand typical tensile and compressive loading conditions. 

In a preferred embodiment, as the expansion cone 2355 nears the upper 
end of the casing 2375, the operating pressure of the second fluidic material is 

20 reduced in order to minimize shock to the apparatus 2800. In an alternative 
embodiment, the apparatus 2300 includes a shock absorber for absorbing the 
shock created by the con^detion of the radial expansion of the casing 2375. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2355 

25 nears the end of the casing 2375 in order to optimally provide reduced adal 
movemoit and velocity of the expansion oone 2355. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 2300 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion oone 2355 during the 

30 return stroke. In a preCored embodiment, the stxoke length of the apparatus 
2300 ranges from about 10 to 45 feet in order to optimally provide equipment 
that can be handled by typical oil well rigging equipment and minimi ze the 
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frequency at which the expansion cone 2355 must be stopped to permit the 
apparatus 2300. to be. re-stroked. 

In an altonative embodiment^ at least a portion of the upper sealing 
head 2335 includes an expansion cone for radially expanding the mandrel 
5 launcher 2480 and casing 2375 during operation of the apparatus 2300 in order 
to increase the surface area of the casing 2375 acted upon during the radial 
expansion {nmcess. In this manner, the operating pressures can be reduced. 

In an ahemative embodiment, mechanical slips 2365 are positioned in an 
axial location between the sealing sleeve 2315 aad the inner sealing mandrel 
10 2330 in order to optimally the construction and operation of the apparatus 
2300. 

Upon the complete radial expansion of the casing 2375, if iq)plicable, the 
first fluidic material is permitted to cure within the annular region between the 
outside of the expanded casing 2375 and the interior walls of the wellbore. In 

15 the case where the casing 2375 is slotted, the cured fluidic material preferably 
permeates and envelops the expanded casing 2375. In this maimer, a new 
section of wellbore casing is formed within a wellbore. Alternatively, the 
apparatus 2300 may be used to join a first section of pipeline to an CTiatjng 
section of pipeline. Alternatively, the apparatus 2300 may be used to directly 

20 line the interior of a wellbore with a casing, without the use of an outer annular 
layer of a hardenable material Alternative^, the cfiparatus 2300 may be used 
to expand a tiibnlinr support monber in a hole. 

During tlie radial esq>anaion prooesa, the pressurixed areas of the 
apparatus 2S00 are limited to the fluid passages 2380, 2385, 2390, 2395, 2400, 

25 2405, and 2410, and the pressure chamber 2475. No fluid pressure acts directly 
on the mandrel launcher 2480 and casing 2375. This permits the use of 
operating pressures higher than the mandrel launcfav 2480 and casing 2375 
could normally withstand. 

Referring no w to Figure 18, a preferred embodiment of an apparatus 

30 2500 for forming a mono-diameter wellbore casing will be described The 
apparatus 2500 preferably includes a drillpipe 2505, an innerstiing adapter 
2510, a sealing sleeve 2515, a hydraulic slip body 2520, hydraulic slips 2525, an 
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inner sealing mandrel 2530, upper sealing head 2535, low^ sealing head 2540, 
outer sealing mandrel 2545, load mandrel 2550, expansion cone 2555, casing 
2560, and fluid passages 2565, 2570, 2575, 2580, 2585, 2590. 2595, and 2600. 
The drillpipe 2505 is coupled to the innerstring adapter 2510* During 
5 operation of the apparatus 2500, the drillpipe 2505 supports the apparatus 
2500. The drillpipe 2505 preferably comprises a substantially hoUow tubular 
member or members. The drillpipe 2505 may be fabricated from any number of 
conventional commerdaUy available materials such as, for example, oilfield 
countay tubular goods, low alloy steel, carbon steel, stainless steel or other 
10 similar high strength materials. In a preferred embodiment, the drillpipe 2505 
is fabricated from coiled tubing in order to fadliate the placement of the 
apparatus 2500 in non-vertical wellborea. The drillpipe 2505 ms^ be coupled to 
the innerstring adapter 2S10 using any number of conventional commercially 
available mechanical couplings sudi as, for exanqile, drillpipe connection, 
15 oimddcountiy tubular goods specialty threaded connection, or a standi 
threaded connection. In a preferred embodimrat, the drillpipe 2505 is 

removably coupled to the innexBtring adapter 2510 by a driUpipe connection, a 
driUpipe connection provides the advantages of high strengtli and easy 
disassembly. 

20 The drillpipe 2505 preferably includes a fluid passage 2565 that is 

adapted to convey fluidic materials from a surface location into the fluid 
passage 2570. In a preferred embodiment, the fluid passage 2565 is adapted to 
convey fluidic materials such as, for example, cemrat, epoi^, water, drilling 
mud, or lubricants at operating pressures and flow rates ranging from about 0 

25 to 9,000 psi and 0 to 3,000 gallona/minute. 

The innerstring Bdapter 2510 is coupled to the drill string 2505 and the 
sealing sleeve 2515. The innerstring adapts 2510 preferably cont^irises a 
substantiaUy hollow tubular m&aoher or members. The innerstring adi^tn 
2510 may be fobricated from any number of oonvoitional commercially 

30 available m a teri als such as, for example, oilfield countzy tubular goods, low 
alloy steel, carbon ste^, stainless steel or other similar high strength materials. 
In a preferred embodimoit, the innerstring adapts- 2510 is fabricated from 
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Stainless steel in order to optimally provide high strength, corrosion resistance, 
and low frictioa surfaces. 

The innerstring adc^yter 2510 may be coupled to the drill string 2505 
using any number of conventional commercially available mechanical couplings 
5 such as, for example, drilipipe connection, oilfield country tubular goods 
specialty type threaded connection, or a standard threaded connection. In a 
preferred mibodiment» the innerstring adapter 2510 ia removably coupled to 
the drill pipe 2505 by a driUpipe connection. The innerstring adapter 2510 may 
be coupled to the sealing sleeve 2515 using any number of convntional 

10 commercial^ available mechanical couplings such as, for example, drilipipe 
connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innmtring adapter 2510 is removably coupled to 
the sealing sleeve 2515 by a standard threaded connection. 

15 The innerstring adc^ter 2510 preferably indudes a fluid passage 2570 

that ia adapted to convey fluidic materials from the fluid passage 2565 into the 
fluid passage 2575. In a preferred embodiment, the fluid passage 2570 is 
adapted to convey fluidic materials such aa, for example, cement, epozy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 

20 about 0 to 9,000 psi and 0 to 3,000 gallonaAninute; 

The sealing sleeve 2515 is coupled to the innerstring adapter 2510 and 
the hydraulic slip body 2520. Thesealingsleeve2S15preferably comprises a 
substantially hollow tubular nmnber or monben. The sealing sleeve 2515 m^y 
be fiediricated from any numbw of conventional oommerctaUy available 
25 materials such aa, for exanqde, oilfield countiy tubular goods, low alloy steel, 
carlxm steel, stainless ateel or other similar hi|^ strength materials. In a 
preferred embodimCTt, the sealing sleeve 2515 is fabricated fitim stainless steel 
in order to optimally provide high strength, corrosion resiatanoe, and low* 
friction surfaces. 

30 The sealing sleeve 2515 may be coupled to the innerstring adapter 2510 

using any number .of conventional commercially available mechanical couplings 
such as, for example, drilipipe connections, oilfield country tubular goods 
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specialty type threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection, In a preferred embodiment, the sealing sleeve 
2515 is removably coupled to the innecstring adapter 2510 by a standard 
threaded connection. The seahng sleeve 2515 may be coupled to the hydraulic 
5 slip body 2520 using any number of conventional commerdaUy available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection, l^ a preferred embodiment, the 
sealing sleeve 2515 is removably coupled to the hydraulic sUp body 2620 by a 
10 standard threaded connection. 

The sealing sleeve 2515 preferably includes a fluid passage 2575 that is 
adapted to convey fluidic matenais from the fluid passage 2570 mto the fluid 
passage2580. In a preferred embodiment, the fluid passage 2575 is adapted to 
convey fluidic materials such as, for example, cement, epoiy, water, drilling 
15 mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9.000 psi and 0 to 3,000 gallonaAninute. 

The hydraulic slip body 2520 is coupled to the sealing sleeve 2515, the 
hydraulic slips 2525, and the inner sealing mandrel 2630. The hydraulic sUp 
body 2520 pref«^Iy comprises a substantiaUy hoUow tubular member or 
20 membera. The hydraulic sUp bo4y 2520 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other 
simihur high sixength materials. In a preferred embodiment, the hydraulic sUp 
body 2520 Is fabricated from carbon steel in order tQ optimally provide high 
25 strength. 

The hydrauUc slip body 2520 may be coupled to the sealing sleeve 2516 
using any number of conventional oommeiciaay available mechanical couplings 
such as. for example, driUpipe connection, oilfield countzy tubular goods 
specialty type threaded connedion. ratchet-latefa type threaded connection or a 
30 standard threaded connection. In a preferred embodiment, the hydrauh'c slip 
body 2520 is remoyabiy coupled to the sealing sleeve 2515 by a standard 
threaded connection. The hydrauCc stip bo<|y 2520 m^y be coupled to the slips 
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2526 using any number of conventional commerdaUy available mechanical 
couplings such as, for example, threaded connection or welding. In a preferred 
embodiment, the hydraulic shp body 2520 is removably coupled to the slips 
2525 by a threaded connection. The hydraulic slip body 2620 may be coupled to 
5 the inner sealing mandrel 2530 using any number of conventional commercially 
available mechanical coupUngs such as. for example, drillpipe connection, 
oilfield countiy tubular goods specialty type threaded connection, welding, 
amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2520 is removably coupled to the inner 
10 sealing mandrel 2530 by a standard threaded connection. 

The hydraulic sUps bo4y 2520 preferably includes a fluid passage 2580 
that is adapted to convey fluidic materials from the fluid passage 2575 into the 
fluid passage 2590. In a preferred embodiment, the fluid passage 2580 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
15 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gaUons/minute. 

The hydraulic slips body 2520 preferably includes fluid passages 2685 
that are adapted to convey fluidic materials from the fluid passage 2580 into the 
pressure chambers of the hydraulic slips 2625. In this manner, the slips 2525 
20 are activated upon the pressurization of the fluid passage 2580 into contact 
writh the inside surface of the casing 2560. In a preferred embodiment, the fluid 
passages 2585 are adapted to convey fluidic materials such as, for example, 
water, drilling mud or lubricants at operating pressurea and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3.000 gallons^minute. 
25 The slips 2525 are coupled to the outside surface of the hydraulic slip 
bo4y2520. During operation of the apparatus 2500. the slips 2525 are activated 
upon the pressurization of the fluid passage 2580 into contact with the inside 
surfiwe of the casing 2560. In this manner, the slips 2525 maintain the casing 
2560 in a substantially stationaiy position. 
JO The slips 2525 prefoably include the fluid passages 2585, the pressure 

chambers 2605, spring bias 2610, and aUp members 2615. The slips 2525 m^ 
comprise any numbw of conventional commerdaUy available hydraulic slips 
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such 33, for example, RTTS packer tungsten carbide hydraulic sUps or Model 3L 
retrievable bridge plug with hydraulic slips. In a preferred embodiment, the 
slips 2525 comprise RTTS packer tungsten carbide hydraulic slips available 
from Halliburton Energy Services in order to optimaUy provide resistance to 
5 arial movement of the casing 2560 during the expansion process. 

The inner sealing mandrel 2530 is coupled to the hydraulic sUp body 
2520 and the lower sealing head 2540. The inner sealing mandrel 2530 
preferably comprises a substantially hoUow tubular member or members. The 
inner sealing mandrel 2530 may be fabricated from any number of conventional 
10 commercially available materials such as, for example, oilfield countiy tubular 
goods, low aUoy steel, carbon steel, stainless steel or other similar high strength 
materials. In a pref^ed embodiment, the inner sealing mandrel 2530 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

15 The inner sealing mandrel 2530 msy be coupled to the hydraulic slip 

body 2520 using any number of conventional commerdaUy available mechanical 
couplings such as. for example, drillpipe connection, oilfield oountxy tubular 
goods specialty type threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment. Uie inner sealing 
20 mandrel 2530 is removably coupled to the hydraulic slip body 2520 by a 

standard threaded connection. The inner sealing mandrel 2530 may be coupled 
to tiie lower sealing head 2540 using any number of conventional commerdaUy 
available mechanical couplings such as, for example, oilfield countiy tubular 
goods specialty type tiireaded connection, driUpipe connection, welding. 
25 amorphous bonding, or a standard tiireaded connection. Inaprefared 

embodiment, the inner sealing mandrel 2530 ia removably coupled to tiie lower 
sealing head 2540 by a standard threaded connection. 

The inner sealing mandrel 2530 preferably includes a fluid passage 2590 
tiiat is adapted to convey fluidic materials from tiie fluid passage 2580 into the 
30 fluid passage 2600. In a preferred embodiment, tiie fluid passage 2590 is 
adapted to convey fluTdic materials such as, for example, cement, epoxy. water. 
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drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 2535 is coupled to the outer sealing mandrel 
2545 and expansion cone 2555. The upper sealing head 2535 is also movably 
5 coupled to the outer surface of the inner sealing mandrel 2530 and the inner 
surface of the casing 2560. In this manner, the upper sealing head 2535 
reciprocates in the axial direction. The radial dearance- between the inner 
grlindrical siurface of the upper sealing head 2535 and the outer surface of the 
inner sealing mandrel 2530 may range, for example, from about 0.0025 to 0.05 
10 inches. In a preferred enibodiment, the radial dearance between the inner 
cylindrical surface of the upper sealing head 2535 and the outer surface of the 
inner sealing mandrel 2530 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial dearance. The radial dearance between the 
outer cylindrical surface of the upper sealing head 2536 and the inner surface of 
15 the casing 2560 may range, for example, fit)m about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial dearance between the outer cylindrical 
surface of the upper sealing head 2535 and the inner surface of the casing 2560 
ranges fi^m about 0.025 to 0.125 indies in order to optimal^ provide 
stabilization for the expansion cone 2535 during the expansion process. 
20 The upper sealing head 2535 prrferab^ comprise an annular member 

having substantially cylindrical inner and outer surfaces. The upper sealing 
head 2535 may be fabricated from any number of oonvmtional commercially 
available matiria ls such as, for exanq»le, oilfidd country tubular goods, ow alloy 
steel, carbon sted, stainless sted or other similar high strength materials. In a 
25 prrferred embodiment, the upper sealing head 2535 is fabricated fit>m stainless 
sted in order to optimal^ provide high strength, corrosion resistance, and low 
friction surfaces. The inner surface ofthe upper sealing head 2535 preferably 
indudes one or more annular sealing members 2620 for sealing the interface 
between the upper sealing head 2535 and the inner sealing mandrd 2530. The 
30 sealing members 2620 may comprise any number of conventional commercially 
available annular sealing members such as, for example, o-rings, polypak seals, 
or metal spring energized seals. In a preferred embodiment, the sealing 
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members 2620 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long, axial stroke* 

In a preferred embodimoit, the upper sealing head 2535 includes a 
shoulder 2625 for supporting the upper sealing head 2535, outer sealing 
5 mandrel 2545, and expansion cone 2555 on Uie lower sealing head 2540. 
The upper sealing head 2535 may be coupled to the outer sealing 
mandrel 2545 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular goods 
specialty threaded connection, pipeline connection, welding, amorphous 
10 bonding, or a standard threaded connection. In a prefmed onbodiment, the 
upper sealing head 2535 is removably coupled to the outer sealing mandrel 2545 
by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the upper sealing head 2535 and the outer sealing 
mandrel 2545 includes one or more sealing members 2630 for fluididy sealing 
15 the interface between the upper sealing head 2535 and the outer 

mandrel 2545« The sealing membm 2630 may comprise any number of 
conventional commerdaUy available sealing members such as, for example, o* 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment! the sealing members 2630 comprise polypak seals available from 
20 Paricer Seals in order to optimal^ provide sealing for a long axial stroke. 

The lower sealing head 2540 is coupled to the inner sealing mandrel 2530 
and the load mandrd 2550. The lower sealing head 2540 is also movably 
coupled to the inner surface of the outer sealing mandrel 2545. In thia manner, 
the upper sealing head 2535, outer sealing mandrel 2545, and expansion cone 
25 2555 recqnrocate in the axial direction. 

The radial dearanoe between the outer surface of the lower sealing head 
2540 and the inner surface of the outer sealing mandrel 2545 may range, for 
example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial dearance between the outer surface of the lower sealing head 2540 and 
30 the inner surface of the outer sealing mandrel 2545 ranges from about 0.005 to 
0.01 inches in order to opttmally provide minimni radial dearanoe. 
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The lower sealing head 2540 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The lower sealing 
head 2540 may be fabricated from any number of oonvbnticnal commwdally 
available materiab such as, for example, oilfield country tubular goods, low 
5 aUoy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the lower sealing head 2540 is fkdiricated from 
stainless steel in order to optiinaUy provide high strength, corrosion resistance, 
and low friction surfaces. The outer sor&ce of the lown sealing head 2540 
preferably includes one or more annular sealing memben 26SS for sealing the 
10 interface between the lower sealing head 2540 and tiie outa s«ding mandrel 
2545. The sealing members 2635 m^ oonqnrise any number of conventional 
commonalty available annular sealing members such as, for example, o -rings, 
polypak seals, or metal spring energized seals. In a preferred embodiment, the 
sealing members 2635 conqirise polypak seals available from Parker Seals in 
15 order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the inner sealing mandrel 
2630 using any number of conventional commercial^ available mechanical 
couplings such as, for example, drillpipe connections, oilfield countiy tubular 
goods specialty threaded connection, or a standard threaded omnection. In a 
20 preferred embodiment, the lower sealing head 2540 is removably coupled to the 
inner sealing mandrel 2530 Iqr a standard threaded connection. In a preferred 
embodiment, the mechamcal coupling between the lower sealing head 2540 and 
the inner sealing mandrel 2530 indudea one or mar« sealing mnnben 2640 for 
fluidic^ sealing the interface between the lower sealing head 2540 and the 
25 inner sealing mandrel 2530. The sealing members 2640 may comprise any 
numb w of conventtonal oommerdaify available sealing memben sudi ss, for 
example, o-rings. polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2640 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 
30 The lower sealing head 2540 may be coupled to the load mandrel 2550 

using any number of conventional commercial^ available mechamcal couplings 
such as, for example, drillpipe connection, oilfield countzy tubular goods 
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specialty type threaded connectioQ^ welding, amorphous bonding or a standard 
threaded connection. In a preferred embodimrat, the lower sealing head 2540 
is removably coupled to the load mandrel 2550 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
5 lower seating head 2540 and the load mandrel 2550 includes one or more 
sealing memb»a 2645 for fluidicly sealing the interface betwe» the lower 
sealing head 2540 and the load mandrel 2550. The sealing membm 2645 may 
comprise any number of conventional commcrciaUy available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
10 preferred embodiment, the sealing membm 2645 comprise polypak seals 

available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

In a preferred embodiment, the Iowa* sealing head 2540 includes a throat 
passage 2650 fiuididy coupled between the fluid passages 2590 and 2600. The 

15 throat passage 2650 is preferab^ of reduced size and is adapted to receive and 
engage with a plug 2655, or other similar device. In this manner, the fluid 
passage 2590 is fluidicly isolated from the fluid passage 2600. In this manner, 
the pressure chamber 2660 ia pressurized. 

The outer sealing mandrel 2545 is coupled to the upper sealing head 

20 2535 and the expansion cone 2555. The outer sealing mandrel 2545 is also 
movably coupled to the inner surface of the casing 25i50 and the outer surface of 
the lower sealing head 2540. In this manner, the upper sealing head 2535, 
outer sealing mandrel 2545, and the expansion cone 2555 reallocate in the 
axial direction. The radial clearance betwe» the outer surface of the outer 

25 sealing mandrel 2545 and the inns surface of the casing 2560 may range, for 
example, from about 0.025 to 0.375 inches. In a (Hreferred embodimoit, the 
radial clearance l>etween the outer surface of the outer sealing mandrd 2545 
and the inner surface of the casing 2560 ranges from about 0.025 to 0.125 
inches in ord« to optimally provide stabilization for the expansion cone 2535 

30 during the expansion process. The radial clearance between the inner surface 
of the outer sealing niandrel 2545 and the outer surface of Hie lower sealing 
head 2540 may range, for example, from about 0.005 to 0.01 indies. In a 
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preferred embodiment, the radial clearance between the inner siirface of the 
outer sealing mandrel 2545 and the outer surface of the lower sealing head 2540 
ranges from about 0.005 to O.Ol inches in order to optimally provide minimul 
radial clearance. 

5 The outer sealing mandrel 2545 preferably comprises an annular 

member having substantiaUy cylindrical inner and outer sxirfaces. The outer 
sealing mandrd 2545 may be fabricated from any number of conventional 
commercially available materials audi as, for example, oilfield country tubular 
goods, low all<qr ateel« carbon steel, stainless steel or other similar high strength 
10 materials. In a prtferred embodiment^ the outer sealing mandrel 2545 is 
fabricated from stainless sted in order to optimaUly provide high strength, 
corrosion resistance, and low friction surfaces. 

The outer sealing mandrel 2545 may be coupled to the upper sealing 
head 2535 using any nimiber of conventional commercially available mechanical 
15 couplings such as, for example, drillpipe connection, oilfield cotmtry tubular 
goods specialty type threaded connection, welding, amorphous bonding, or a 
standard threacfed connection. In a preferred embodiment, the outer sealing 
mandrel 2545 is removably coupled to the uj^^er sealing head 2535 by a 
standard threaded connection. The outer sealing mandrd 2545 may be coupled 
20 to the expansion cone 2555 using any number of oonvmtional coounerdaUy 
available mechanical couplings such aa, for example, drillpipe connection, 
oilfield country tubular goods spedaity type threaded connection, welding; 
amorphoua bonding, or a standard threaded connection. In a prrferred 
embodiment^ the outer aeahng mandrel 2545 is removaUy coupled to the 
25 expansion cone 2556 by a standard threaded connection. 

The upper sealing head 2535, the lower sealing head 2540, the inn» 
sealing mandrel 2530, and the outer sraling mandrel 2545 together define a 
pressure chamber 2660. The pressure chamber 2660 is fluididy coupled to the 
passage 2590 via one or more passages 2595. During opoation of the apparatus 
30 2500, the plug 2655 engages with tiie throat passage 2650 to fluididy isolate the 
fluid passage 2590 from the fluid passage 2600. The pressure diamber 2660 is 
then pressurized which in turn causes the upper sealing head 2535, outer 
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sealing mandrel 2645, and expansion cone 2555 to reciprocate in the axial 
direction. The axial motion of the expansion cone 2555 in turn expands the 
casing 2560 in the radial direction. 

The load mandrel 2550 is coupled to the lower sealing head 2540. The 
5 load mandrel 2550 jMreferably comprises an annular monber having 
substantially (grlindrical inner and outer surfaces. The load mandrel 2550 may 
be fabricated from any number of conventional commercially available 
materials such as. for example, oilfield countiy tubular goods, low alloy steel, 
carbon steel, stainless steel or otiicr similar high strength materials. In a 
10 preferred embodiment, the load mandrel 2550 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion renstance, and low 
friction surfaces. 

The load mandrel 2550 may be coupled to the loww sealing head 2540 
using any number of conventional commercially available mechanical couplings 
15 such as, for example, oilfield oountiy tubukr goods. driUpipe connection, 

welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2550 is removably coupled to the lower sealing 
head 2540 by a standard threaded connection. 

The load mandrel 2550 preferably includes a fluid passage 2600 that is 
20 adapted to conv^ fluidic materials from the fluid passage 2590 to the region 
outside of the apparatus 2500. In a preferred embodiment, the fluid passage 
2600 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging, 
for example, from about 0 to 9.000 psi and 0 to 3,000 gaUons/minute. 
25 Tfce expansion cone 2555 is coupled to the outer sealing mandrel 2545. 

The expansion cone 2565 ia also movably coupled to the inner surface of the 
casing 2560. In this manner, the upper sealing head 2535, outer sealing 
mandrel 2545, and the expansion cone 2555 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2555 causes the casing 2560 to expand 
30 in the radial direction. 

The expansion bone 2555 pt^enbfy oonqurises an annular monbtf 
having substantially cylindrical inner and conical outer surfaces. The outside 
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radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 in order to optimally provide radial expansion 
for the widest variety of tubular casings. The axial length of the expansion cone 
5 2555 may range, for exanqile, from about 2 to 8 times the largest outside 
diameter of the expansion cone 2535. In a preferred embodiment, the axial 
length of the expansion cone 2535 ranges from about 3 to 5 times the largest 
outside diameter of the expansion cone 2535 in order to optimally provide 
stabilization and centralization of the expansion cone 2535 during the 

10 expansion process. In a particularly preferred onbodiment, the maximum 
outside diameter of the expansion cone 2555 is between about 95 to 99 % of the 
inside diameter of the existing wellbore that the casing 2560 will be joined with. 
In a preferred embodiment, the angle of attack of the expansion cone 2555 
ranges from about 5 to 30 degrees in order to optimally balance frictional forces 

15 and radial expansion forces. Theoptimumanglecf attack of the expansion cone 
2535 will vary as a function of the particular operational features of the 
expansion operation. 

The expansion cone 2555 may be fabricated from any number of 
conventional conunerdalty available materials sudi as, for example, machine 

20 tool steel, nitride steel, titanium, tungsten carbide, cerEunics or other similar 
his^ strength materials. In a preferred onbodiment, the expansion cone 2555 
is fabricated from D2 machine tool steel in order to optimaQy provide hi gh 
strength, and resistance to wear and galling. In a particularly preferred 
embodiment^ the outside surface of the egqnnaion cone 2555 a surface 

25 hardness ranging fit»m about 68 to 62 RockweUC in order to optimaUyprovid 
high strmgth and wear resistance. 

The expansion oone 2555 may be coupled to the outside sealing xnandrd 
2545 using any number of conventional oommerdally available medianical 
couplings such as, for example, drillpipe connection, oilfield country tubular 

30 goods specialty threaded connection, welding; amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the expansion cone 2555 is 
coupled to the outside sealing mandrel 2545 using a standard threaded 
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connection in order to optimally provide high strength and easy replacement of 
the expansion pone 2$55. 

The casing 2560 i3 removably coupled to the slips 2525 and expansion 
cone 2555. The casing 2560 preferably comprises a tubular member. The 
5 casing 2560 may be fabricated from any number of conventional commerdally 
available materials sudi aa, for example, slotted tubulan, oilfidd country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the casing 2560 is fabricated 
from oilfield country tubular goods available frxim various foreign and domestic 
10 steel mills in prder to optimal^ provide hic^ strength using standardized 
materials. 

In a preferred embodiment, the u^per aid 2665 of the casing 2560 
indudes a thin wall section 2670 and an outer aw n nla r apaiing member 2675. 
In a preferred embodimoit, the wall thickness of the thin wall section 2670 ia 
15 about 50 to 100% of the regular wall thickness ofthe casing 2560. In this 
manner, the upper end 2665 of the casing 2560 may be easily radially expanded 
and deformed into intimate contact with the lower aid of an existing section of 
wellbore casing. In a preferred embodiment, the kiwer end of the existing 
section of casing also includes a thin wall section. In this maimer, the radial 
20 expansion of the thin walled section 2670 of casing 2560 into the thin walled 
section of the existing wellbore casing results in a wellbore casing having a 
substantially constant inside diameter. 

The annular sealing member 2675 may be fabricated torn any number of 
convoitional oommerdaUy available sealing m4^ t«ri ^<lB such as, for example, 
25 q)oxy,ruU)er, metal, or plastic In a prderred onbodiment, the annular 
sealing member 2675 is fabricated from StrataLock epoiy in order to optimal^ 
provide oora|iressibility and reeistanee to wear. The outside dismeter of the 
annular sealing member 2675 preferably ranges from about 70 to 95 % of the 
inside diam et qr of the lower section of the wdlbore casing that the casing 2560 
30 is joined to. In this manner, aftor radial expansion, tiie annular sealing member 
2670 optimally pravidies a fluidic seal and also preferab^r optimally provides 
sufOdent frictional force with the inside surface of iba fFi»*''"g section of 
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weUbore casing during the radial expansion of the casing 2560 to support the 
casing 2560. 

In a preferred embodiment, the lower end 2680 of the casing 2560 
indudes a thin wall sectimi 268S and an outer annular sealing member 2690. 

5 In a preferred embodiment, the waU thickness of the thin wall section 2685 is 
about 50 to 100 % of the regular waU thickness of the casing 2560. In this 
manner, the lower end 2680 of the casing 2560 may be easily expanded and 
deformed. Furthermore, in this manna, an other section of casing may be 
easily joined with the lower end 2680 of the casing 2560 using a radial 
10 expansion process. In a preferred embodiment, the upper end of the other 
section of casing also inchides a thin waU section. In this manner, the radial 
expansion of the thin waUed section of the upper end of the other casing into 
the thin waUed section 2685 of the lower end 2680 of the casing 2560 results in 
a wellbore casing having a substantially constant inside diameter. 

16 The annular sealing member 2690 may be fabricated from any number of 

conventional commerdaUy avaUable sealing materials such as, for example, 
rubber, metal, plastic or epoxy. In a preferred embodiment, the annular sealing 
member 2690 is fabricated from StrataLock epoxy in order to optunaUy provide 
compressibility and resistance to wear. The outside diameter of the annular 
20 sealing member 2690 preferably ranges from about 70 to 95 % of the inside 
diameter of the lovnt section of the existang wellbore «»iri«g that the casing 
2560 is joined to. In this manner, aflw radial expanaon, the annular sealing 
member 2690 preferably provides a fluidic seal and also preferably provides 
sufficient fridional force with the inside wall of the weUbore during the radial 
25 expansion <tf the casing 2560 to suppcat the caaiiig 2560. 

During operation, the apparatus 2500 is preferably positioned in a 
wellbore with the upper end 2665 of the caaing 2560 positioned in an 
overkqiping relations h i p with the lower end of an existing wellbore casing. In a 
particularly preferred embodiment, the thin waU section 2670 of the caaing 
30 2560 ia positioned in opposing overlapping relation with tixe thin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 2560 will 
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compress the thin wall sections and annular compressible members of the upper 
end 2665 of the casing 2560 and the lower end of the eariaiing wellbore casing 
into intimate contact Ehmng the positioning of the apparatus 2500 in the 
wellbore, the casing 2560 is supported by the expanaioii cone 2555: 
5 After positioning of the i^paratus 2500, a first fluidic material is then 

pumped into the fluid passage 2566. The first fluidic material may comprise 
any number of conventional commeraaUy available materials such as, for 
example, cement» water, slag-mix, epcoqr or drilling mud. In a prrferred 
embodiment, the first fluidic material comprises a hardenable fluidic sealing 
10 material such as, for example, cement, qx>i7, or slag-niix in order to opti^ 
provide a hardenable outer annular boc^ around the expanded casing 2560. 

The first fluidic material may be pumped into the fluid passage 2565 at 
operating pressures and flow rates ranging, for example, jfrom about 0 to 4.500 
psi and 0 to 3,000 gallona/minute. In a preferred embodiment, the first fluidic 
15 material is pumped into the fluid passage 2565 at operating pressures 

rates ranging from about 0 to 3,500 psi and 0 to 1,200 gaUona/minute in order 
to optimally provide operational e£Sciency. 

The first fluidic material pumped into the fluid passage 2565 passes 
through the fluid passages 2570, 2575, 2580, 2590, 2600 and then outside of the 
20 apparatus 2500. The first fluidic material then preferably fills the annular 
region between the outside of the apparatus 2500 and the interior walls of the 
wellbore. 

The plug 2655 iathm introduced into the fluid passage 2565. Thephig 
2655 lodges in the throat passage 2650 and fluidicly isolates and blocks ofif the 

25 fluid passive 2590. In a preferred embodimaiti a couple of volumes of anon- 
hardenable fluidic material are then pumped in to the fluid passage 2565 in 
order to remove any hardraable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 

A second fluidic material is tiien pumped into the fluid passage 2565. 

30 The second fluidic material may comiaise any number of convoitional 
conunerdally available materials such as, for example, water, drilling gases, 
drilling mud or lubricant In a preferred embodiment, the second fluidic 
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material comprises a non-hardenable fluidic material such as, for example, 
water, drilling mud, or lubricant in order to optimally provide pressurization of 
the pressure chamber 2660 and minimize friction. 

The second fluidic material may be pumped into the fluid passage 2565 at 
5 operating presstures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gaUona/minute. In a preferred embodiment, the second 
fluidic material is pumped into the fluid passage 2565 at operating pressures 
and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gaUong/minute 
in order to optimally provide operational efficiency* 
10 The second fluidic material pumped into the fluid passage 2565 passes 

through the fluid passages 2570, 2575, 2580, 2590 and into the pressure 
chambers 2605 of the slips 2525, and into the pressure chamber 2660. 
Continued pumping of the second fluidic material pressurizes the pressure 
chandbers 2605 and 2660. 
IS The pressurization of the pressure chanibeni 2605 causes the slip 

members 2525 to expand in the radial direction and grip the interior stirface of 
the casing 2560. The casing 2560 is then preferably maintained in a 
substantially stationazy position. 

The pressurization of the pressure chamber 2660 causes the upper 
20 sealing head 2535, outer sealing mandrel 2545 and expansion cone 2555 to 
move in an axial direction relative to the casing 2560. In this manner, the 
expansion cone 2555 will cause the casing 2560 to expand in the radial 
direction, b^inning with the lower end 2685 of the casing 2560. 

During the radial expansion {mnsss, the casing 2560 is prevented from 
25 moving in an upward direction by the slips 2525. A length ofthe casing 2560 is 
then expanded in the radial direction through the pressurization ofthe pressure 
chamber2660. The length of the casing 2560 that ia expanded during the 
expansion process wiU be proportionai to the stroke l^igtfa ofthe upper sealing 
head 2535, outer sealing mandrel 2545, and expansion cone 2555. 
30 Upon the completion of a stroke, the opaatingpressure of the second 

fluidic material is reduced and the upper sealing head 2535, outer sealing 
mandrel 2545, and expansion cone 2555 drop to their rest positions with the 
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casing 2560 supported by the expansion cone 2555. The position of the driUpipe 
2505 is preferably actuated througfaout the radial expansion process in order to 
maintain the overlapping relationship between the thin walled sections of the 
lower end of the existing weUbore casing and the upper end of the casing 2660. 
5 In a preferred embodiment, the stroking of the racpansion cone 2555 is then 
repeated, as necessary, until the thin walled section 2670 of the upper end 2665 
of the casing 2560 is expanded into the thin walled section of the lower end of 
the existing wellbore casing. In this manner, a weUbore casing is formed 
including two a4iacent sections of casing having a substantiaUy constant inside 
10 diameter. This process m^ then be repeated for the entirety of the weUbore to 
inrovide a wdlbore casing thousands of feet in length having a substantially 
constant inside diameter. 

In a preferred embodiment, during the final stiroke of the expansion cone 
2555, the slips 2525 are positioned as dose as possible to the thin walled section 
15 2670 of tiie upper end 2666 of the casing 2560 in order minimize slippage 
between the casing 2560 and Uie existing weUbore casing at the end of the 
radial expansion process. Alternatively, or in addition, the outside diameter of 
the annular sealing member 2675 is selected to ensure sufficient interference fit 
witii the inside diameter of the lower end of the existing casing to prevent axial 
20 displacement ofthe casing 2560 during the final stroke. Alternatively, or in 
addition, the outside diameter of the annular sealing member 2690 is selected 
to provide an interference fit with the mside waUa of the weUbore at an earlier 
point in the radial eopanaion process so as to prevent flirther axial displacement 
of the casing 2SG0. In this final altonative, the interferaice fit is preferably 
25 selected to permit expansion of the casing 2560 by pulling the expansion cone 
2555 out ofthe weUbore, without having to pressurize tiie pressure chamber 
2660. 

During the radial expansion process, the pressurized areas of the 
apparatus 2500 are preferably limited to the fluid passages 2565, 2570, 2575, 
30 2580, and 2590, the pressure chambers 2605 within the slips 2525, and the 
pressure chambv 2660. No fluid pressure acts directiy on the casing 2560. 
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This permits the xise of operating pressures higher than the casing 2560 could 
normally withstand. 

Once the casing 2560 has been completely expanded off of the expansion 
cone 2555, the remaining portions of the i^paratus 2500 are removed from the 
5 wellbore. In a preferred embodiment, the contact i^essure between the 
deformed thin wall sections and compressible annular members of the lower 
end of the existing casing and the upper end 2665 of the casing 2560 ranges 
from about 400 to 10,000 psi in ord» to optimally support the casing 2560 
using the existing wdlbore casing. 
10 In this manner, the casing 2560 is radially expanded into contact with an 

existing section of casing by pressurizing the interior fluid passages 2665, 2570, 
2575, 2580, and 2590, the pressure chambers of the slips 2605 and the pressure 
chamber 2660 of the apparatus 2500. 

In a preferred embodiment, as required, the annular body of hardenable 

15 fluidic material is then aUowed to cure to form a rigid outer annular bocfyabou^ 
the expanded casing 2560, In the case where the casing 2560 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
2660. The resulting new section of wellbore casing includes the expanded 
casing 2560 and the rigid outer annular body. The overlappmg joint between 

20 the pre-existing wellbore casing and the expanded casihg 2560 m^ 

deformed thin wall sections and the compressible outer annular bodies. The 
inner diameter of the resulting combined wellbore casingB ia substantially 
constant In this manner, a mono-diameter wellbore casing is formed This 
process of expanding overlapping tubular members having thin wall end 

25 portions with compressible annular bodies into contact can be repeated for the 
entire Imgth of a wellbora. In this manner, a mono-diameter wellbore casing 
can be provided for thousands of feet in a subtOTranean formation. 

In a prdferred embodiment, as the expansion cone 2555 nears the upper 
end 2665 of the casing 2560, the operating pressure of the second fluidic 

30 material is reduced in order to nunimize shock to the apparatus 2500. In an 
alternative embodiment, the apparatus 2500 includes a shock absorber for 
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absorbing the shock created by the completion of the radial expansion of the 
casing 2560. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2555 
5 nears the end of the casing 2560 in order to optimally provide reduced adal 
movement and velocity of the expansion cone 2556. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the 
return stroke of the ^paratus 2500 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2555 during the 
10 return stroke. In a preferred embodiment, the stroke length of the apparatus 
2600 ranges from about 10 to 45 feet in order to optimally provide equipments 
lengths that can be easUy handled using typical oU wdl tigging equipment and 
also minimize the frequency at which apparatus 2500 moat be le-stroked. 
In an alternative embodiment, at least a portion of the upper sealing 

15 head 2535 includes an expansion cone for radially expanding the casing 2560 
during operation of the apparatus 2500 in order to increase the surface area of 

the casing 2660 acted upon during the tadial expansion process. In this 
manno, the operating pressures can be reduced. 

Alternatively, the apparatus 2500 may be used to join a first section of 
20 pipeline to an existing section of pipeline. Alternatively, the apparatus 2500 
iW be used to directly line the interior of a wellbore with a casing, without Uie 
use of an outer annular kyer of a hardenable material. Alternatively, the 
apparatus 2S00 be used to expand a tiibular support member in a hole. 
Refeiring now to Figures 19, 19a and 19b, another embodiment of an 
25 apparatus 2700 for expanding a tubular member win be described. The 
apparatus 2700 preferably includes a driUpipe 2706, an innerstring adapter 
2710, a sealing sleeve 2715, a first inner sealing mandrel 2720, a first upper 
sealing head 2726, a first lower sealing head 2730, a first outer sealing mandrel 
2736, a second inner sealing mandrel 2740, a second upper sealing head 2746, a 
30 second lower sealing head 2750, a second outer sealing mandrel 2756, a load 
mandrel 2760, an expanaton cone 2766, a mandrel launcher 2770, a mechanical 
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Slip body 2775. mechanical slips 2780, drag blocks 2785, casing 2790, and fluid 
passages 2795, 2800, 2806, 2810, 2815, 2820, 2825, and 2830. 

The drillpipe 2705 is coupled to the innerstring adapter 2710. During 
operation of the apparatus 2700, the drillpipe 2705 supports the apparatus 
5 2700. The driUpipe 2705 preferably comprises a substantially hoUow tubular 
member or members. Thedrinpipe2705may be fabricated from any number of 
conventional commerdaUy available materials such as. for example, oilfield 
countiy tubular goods, low alKqr steel, carbon steel, stainless steel, or other 
similar high strength materials. In a preferred embodiment, the drillpipe 2705 
0 is fabricated from cofled tubing in order to facilitate the placement of the 
apparatus 2700 in non-vertical weUbores. The drillpipe 2705 may be coupled to 
the innerstring adapter 2710 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, 
oimeld countiy tubular goods specialty threaded connection, or a standard 
) threaded connection. In a preferred embodiment, the driUpipe 2705 is 
removably coupled to the innerstring adapter 2710 by a drillpipe connection in 
order to optimally provide high strength and easy disassembly. 

The drillpipe 2705 preferably includes a fluid passage 2796 that is 
adapted to convey fluidic materials from a surface location into the fluid 
passage 2800. In a preferred embodiment, the fluid passage 2796 is adapted to 
convqr fluidic materiala such as. for example, cement, epoxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 pai and 0 to 3,000 galkmsMiinute. 

The innersteing adapter 2710 ia coupled to the driU sMng 2705 and the 
sealing sleeve 2715. The innerstring adapter 2710 preferably comprises a 
substantiaUy hollow tubular member or members. The innerstring adapter 
2710 may be fabricated from any number of conventional commercially 
available materiala such as, for example, oilfield countty tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the innerstring adapter 2710 is fabricated from 
stainless steel in ordei^ to optimally provide high strength, corrosion resistance, 
and low fiiction surfaces. 
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The innerstring adapter 2710 may be coupled to the driU string 2705 
using any number of conventional QommerdaUy available mechanical couplings 
such aa, for example, drillpipe connection, oilfield countiy tubular goods 
spedalty threaded connection, or a standard threaded connection.- In a 
5 preferred embodiment, the innerstring adapter 2710 is removably coupled to 
the driU pipe 2705 by a standard threaded connection in order to optimally 
provide high strength and easy disassembly. The innerstring adapter 2710 may 
be coupled to the sealing sleeve 2715 using any number of conventional 
commercially avaihd>le mechanical couplings such as, for example, drillpipe 
10 connection, oilfield country tubular goods specialty type threaded connection. 
ratcheHatch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2710 is removably coupled to 
the sealing sleeve 2715 by a standard threaded connection. 

The innerstring adapter 2710 preferably includes a fluid passage 2800 
15 that is adapted to convey fluidic materials from the fluid passage 2795 into the 
fluid passage 2805. In a preferred embodiment, the fluid passage 2800 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 pd and 0 to 3,000 gallona/minttte. 
20 The sealing sleeve 2716 is coupled to the innetstiing adapter 2710 and 

the first inner sealing mandrel 2720. The sealing sleeve 2716 preferably 
comprises a substantially hoUow tubular member or membera. The sealing 
sleeve 2715 may be fobricated from any number of conventional commerdally 
available materiala such as, for example, oilfield countiy tubular goods, low 
25 aUqy steel, carbon steel, stainless steel or other aimihff high strength materials. 
In a preferred embodiment, the sealing sleeve 2715 is labricated from stainless 
steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The sealing sleeve 2715 may be coupled to the innostring adapter 2710 
30 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield countiy tubular goods 
spedalty type threaded connection, welding, amorphous bonding, or a standard 
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threaded connection. In a preferred embodiment, the sealing sleeve 2715 is 
removably coupled to the innerstriqg adapter 2710 by a standard threaded 
connector. The sealing sleeve 2715 may be coupled to the Grat inner sealing 
mandrel 2720 using any numfier of conventional commercially available 
5 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding 
or a standard threaded connection. In a preferred embodiment, the sealing 
sleeve 2715 is removably ooupied to the inner sealing mandrel 2720 by a 
standard threaded connection. 
10 The sealing sleeve 2715 preferabty indudes a fluid passage 2802 that is 

adapted to convey fluidic materials from the fluid passage 2800 into the fluid 
passage 2805. In a preferred embodiment, the fluid passage 2802 is adapted to 
convey fluidic mat e ri als such as, for example, cement, epoxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
15 9,000 psi and 0 to 3,000 gaUona/minute. 

The first inner sealing mandrel 2720 is coupled to the sealing sleeve 2715 
and the first lower sealing head 2730. The first inner sealing mandrel 2720 
preferably comprises a substantially hollow tubular member or members. The 
first inner sealing mandrel 2720 may be fabricated from any number of 
20 conventional commodally available fn'»»^alH such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar hi^ strength materials. In a preferred embodiment, the first inner 
sealing mandrel 2720 is fabricated firom stainless steel in order to optimally 
provicte high strength, corrosion resistance, and low friction surfaces. 
25 Tlie first inner sealing mandrel 2720 nu^ be coupled to the sealing sleeve 

2715 using any number of conventional commercially available mec^ianical 
couplings such aa, for example, drillpipe connection oilfield country tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the first inner 
30 sealing mandrel 2720 is removably coupled to the sealing sleeve 2715 by a 
standard threadedconnection. The first inner sealing mandrel 2720 may be 
coupled to the first lower sealing head 2730 using any number of conventional 
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commercially available mechanical couplinp such as, for example, driUpipe 
connection, oilfidd countxy tubular goods specially type threaded connection, 
welding, amorphdtis bonding, or a stand&rd threaded connection. In a preferred 
embodiment^ the first inner sealing mandrel 2720 is removably coupled to the 
5 first lower sealing head 2730 by a standard threaded connection. 

The first inner sealing mandrel 2720 preferably includes a fluid passage 
2805 that is ada p t e d to convey fluidic materials from the fluid passage 2802 into 
the fluid passage 2810. In a preferred embodiment, the fltud passage 2805 is 
adapted to convey fluidic materials such as, for example, cemrat, epoxy, water, 
10 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The first upper sealing head 2725 is coupled to the first outer sealing 
mandrel 2735, the second upper sealing head 2745, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The first upper sealing head 2725 

15 is also movably coupled to the outer surface of the first inner sealing mandrel 
2720 and the inner surface of the casing 2790. In this manner, the first upp^ 
sealing head 2725 reciprocates in the axia'. direction. The radial clearance 
between the inner cylindrical surface of the first upper sealing head 2725 and 
the outer surface of the first inner sealing mandrd 2720 may range, for 

20 example, from about 0.0025 to 0.05 inches. In a preferred embodiment^ the 
radial clearance between the inner cylindrical surface of the first upper sealing 
head 2725 and the outer surface of the first inner sealing mandrel 2720 ranges 
fit>m about 0.005 to 0.125 inches in order to optimally provide wiinitnni radial 
clearance. The radial clearance between the outer cylindrical surface of the 

25 first upper sealing head 2725 and the inner surface of the casing 2790 may 
range, for example, from about 0.025 to 0.375 inches. In a preferred 
embodiment, the radial clearance between the outer cylindrical surface of the 
first upper sealing head 2725 and the inner surCeure of the casing 2790 ranges 
frt>m about 0.025 to 0.125 inches in order to optimally provide stabilization for 

30 the expansion cone 2765 during the expansion process. 

The first upper sealing head 2725 preferably comprises an annular 
member having substantial^ cylindrical inner and outer surfaces. The first 
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upper sealing head 2725 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield countiy tubular 
goods, low aUoy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first upper sealing head 2725 is 
5 fabricated firom stainless steel in order to optimally provide high strength, 
corrosion resistance and low friction surfaces. The inner surface of the first 
upper sealing head 2725 preferably includes one or morb annular sealing 
members 2835 for sealing the interfoce between the first upper sealing head 
2725 and the first inner sealing mandrel 2720. The sealing members 2835 may 
10 comprise any number of conventional commercially available annular sealing 
members such as, for example, o-rings, polypak seals or metal spring energiied 
seals. In a preferred embodiment, the sealing members 2835 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for long 
axial strokes. 

15 In a prefored embodiment, the first upper sealing head 2725 includes a 

shoulder 2840 for supporting the first upper sealing head 2725 on the first 
lower sealing head 2730. 

The first upper sealing head 2725 mqr be coupled to the first outer 
sealing mandrel 2785 using any number of conventional commercially available 
20 mechanical oouidings such aa. for example. driUpipe eouieetion, oilfield countiy 
tubular goods specialty threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred embodiment, the first upper 

sealing he«l 2725 is wmovably coupled to the first outer sealing mandrel 2735 
by a standard threaded connedion. In a preferred onbodiment, the 

25 mechanical coupling between the first upper sealing head 2725 and the first 
outer sealing mandrel 2736 includes one or more sealing members 2845 for 
fluididy sealing the interface between the first upper sealing head 2726 and the 
first out« sealing mandrel 2735. The sealing members 2845 may comprise any 
number of conventional commercially available sealing members such as, for 

30 example, o-rings, polypak seals or metsl spring energized seals. In a preferred 
embodiment, the sealing members 2845 comprise polypak seals avaiha)le from 
Parker Seals in order to optimally provide sealing for long axial strokes. 
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The first lower sealing head 2730 is coupled to the fint inner sealing 
mandrel 2720 and the second inner.sealing.mandrel 2740. The first lower 
sealing head 2730 is also movably coupled to the inner surface of the first outer 
sealing mandrel 2735. In this manner, the first upper sealing head 2725 and 
5 fint outer sealing mandrel 2735 reciprocate in the axial direction. The radial 
clearance between the outer surface of the first lower sealing head 2730 and the 
inner surface of the first outer sealing mandrel 2735 may range, for example, 
from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial 
clearance between the outer surface of the first lower sealing head 2730 and the 
10 inner surface of the first outer sealing mandrel 2735 ranges from about 0.005 to 
0.01 inches in order to optimaUy provide minimal radial clearance. 

The first lower sealing head 2730 preferably comprises an annuhr 
member having substantially «gdindrical inner and outer surfaces. The first 
lower sealing head 2730 may be fabricated from any number of conventional 
15 commercially available materiab such as. for example, oilfield country tubular 
goods. low aUqy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first lower sealing head 2730 is 
fabricated from stainleaa steel in order to opIamaUy provide high strength, 
corrosion resistance^ and low fiiction surfaces. The outer surface of the first 
20 lower sealing head 2730 preferably includes one or mo^ annular sealing 
members 2850 for sealing the interface between the first lower sealing head 
2730 and the first outer sealing mandrel 2736. The sealing members 2850 nxay 
comprise any number of conventional oommerdalfy avaihible annular sealing 
members such as. for example, o-rings, polypak seals or metal spring energized 
25 seab. In a preferred embodiment, the sealing members 2850 comprise polypak 
seaLi available from Parker Seals in order to optimally provide sealing for long 
axial strokes. 

The first lower aeaUng head 2730 mqr be coupled to the first inner 
sealing mandrel 2720 using any number of conventional commercially available 
30 mechanical couplings such as. for example, oilfield coiintiy tabular goods 
specialty threaded connections, wdding; amorphous bonding, or standard 
threaded connection. In a preferred onbodiment, the first lower sealing head 
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2730 is removably coupled to the first inner sealing mandrel 2720 by a standard 
threaded connection. . In a preferred embodiment^ the mechanical coupling 
between the first lower sealing head 2730 and the first inner sealing mandrel 
2720 includes one or more sealing members 2855 for fluididy sealing the 
5 interface between the first lower sealing head 2730 and the first inner sealing 
mandrel 2720. The sealing mmibera 2855 may comprise any number of 
conventional commerctaUy available sealing members such aa, for example, o- 
rings, polypak seals or metal spring enopzed seals. In a preferred 
embodiment, the sealing members 2855 comprise polypak seals available from 
10 Parker Seals in order to optimally provide sealing for long axial strokes. 

The first lower sealing head 2730 may be coupled to the second inner 
sealing mandrel 2740 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubxilar goods 
specialty threaded connection, welding, amorphous bonding, or a standard 
15 threaded connection. In a ja^ferred embodim^t, the lower sealing head 2730 
is removably coupled to the second inner sealing mandrel 2740 by a standard 
threaded connection. In a preferred embodimmt, the mechanical coupling 
between the first lower sealing head 2730 and the second inner sealing mandrel 
2740 includes one or more sealing members 2860 for fluidic^y sealing the 
20 interface between the first lower sealing head 2730 and the second inner sealing 
mandrel 2740. The sealing members 2860 may conqirise any number of 
conventional commercially available sealing members such as, for example, o- 
rings, polypak seds or nietal spring enogized seals. Inapreferred 
embodiment, the sealing members 2860 comprise polypak seals available from 
25 Parker Seab in order to <q^timal|y provide sealmg for long axial str^^ 

The fint outer sealing mandrel 2735 is coupled to the first upper sealing 
head 2725, the second upper sealing head 2745, the second outer sealing 
mandrel 2755, and the eiqiansion cone 2765. The first outer sealing mandrel 
2735 is also movably coupled to the inner surface of the casing 2790 and the 
30 outer surface of the firat lower sraling head 2730. In this manner, the first 
upper sealing head 2725, first outer sealing mandrel 2735, second upper sealing 
head 2745, second out» sealing mandrel 2755, and the expansion cone 2765 
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reciprocate in the axial direction. The radial clearance between the outer 
surface of the first outer sealing mandrel 2735 and the inner surface of the 
casing 2790 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodimenti the radial clearance between the outer suzface of the 
5 first outtf sealing mandrel 2735 and the inner surface of the casing 2790 ranges 
firom about 0.025 to 0.125 inches in order to optimally provide stabilization for 
the expansion cone 2765 during the eqiansion process. The radial clearance 
between the inner surface of the first outer sealing mandrel 2735 and the outer 
surface of the first lower sealing head 2730 may range, for example, from about 
10 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance between 
the inner surface of the first outer sealing mandrel 2735 and the outer siuface 
of the first lower sealing head 2730 ranges from about 0.005 to O.Ol inches in 
order to optimaUy provide minimfll radial clearance. 

The outer sealing mandrel 1935 preferab^ comprises an annular 
15 member having substantially cylindrical inner and outer surfaces. The first 
outer sealing mandrel 2735 may be fabricated fit)m any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low aUoy sted, cari>on steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first outer sealing mandrel 2735 is 
20 fabricated from stainless steel in ord^ to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The first outv sealing mandrel 2735 may be coupled to the first upper 
sealing head 2725 using any number of conventional commerdaUy available 
mechan i cal couplings such as, for examine, oilfield country tubular goods, 
25 welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the first outer sealing mandrel 2735 is removabfy coupled to the 
first upper sealing head 2725 by a standard threaded connection. The first 
outer sealing mandrel 2735 may be coupled to the second upper sealing head 
2745 using any number of conventional commacialily available mechanical 
30 couplings such as, for example, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. 
In a preferred embodiment, the first outer sealing mandrel 2735 is removably 
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coupled to the second upper sealing head 2745 by a standard threaded 
connection. 

The second inner sealing mandrel 2740 is conpled to the first lower 
sealing head 2730 and the second lower sealing head 2750. The second inner 
5 sealing mandrel 2740 preferably comprises a substantaaUy hoUow tubular 
membtt or meuhm. The second inner sealing mandrel 2740 may be fabricated 
from any number of conventional oommerdaliy available materials such as, for 
example, oilfield oountiy tubular goods, low alloy steel, carbon steel, stainless 
steel or oth« similar hi^ strength materials. In a preferred embodiment, the 
10 second inner sealing mandrd 2740 is fabricated from stainless steel in orders 
optimally provide high strength, corrosion resistance, and low friction surfaces. 

The second inner sealing mandrd 2740 may be coupled to the first loww 
sealing head 2730 using any number of conventional commercially available 
mechanical couplings such as, for eKample, oilfield country tubular goods 
15 specialty threaded connection, welding amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the second inner sealing 
mandrel 2740 is removably coupled to the first lower sealing head 2740 a 
standard threaded connection. The medianical coupling between the second 
inner sealing mandrel 2740 and the first lower sealing head 2730 preferably 
20 includes sealing members 2860. 

The second inner sealing mandrd 2740 may be coupled to the second 
lower sealing head 2760 using any numbv of convoitional commercially 
available medmnical oouplinga such as, for example, oilfield country tubular 
goods specially threaded connection, welding, amorphous bonding, or a 
25 standard threaded connection. In a prrferred embodiment, the second inn^ 
sealing mandrel 2720 is rraovably coupled to the second lower sealing head 
2750 by a standard threaded connection. In a prefmed embodiment, the 
mechanical coupling between the second inner sealing mandrel 2740 and the 
second lower sealing brad 2750 inchides one or more sealing members 2865. 
30 The sealing members 2866 may comprise any numbei' of conventional 
commercially available seals such as, for example, o-rings, polyppk seals or 
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metal spring energized seals. In a preferred embodiment, the sealing members 
2865 comprise polypak seals available from Parker Seab. 

The second inner sealing mandrd 2740 prefvably indudes a flidd 
passage 2810 that is adapted to convey Quidic materials from the fluid passage 
5 2805 into the fluid passage 2815. In a preferred embodiment, the fluid passage 
2810 is adapted to convey fluidic materiab such as, for example^ cement, epozy, 
water, drilling mud or lubricants at opmting pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallonsAninttte. 

The second upper sealing head 2745 is coupled to the first upper sealing 
10 head 2725, the first outer sealing mandrd 2735, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The second upper sealing head 
2745 is also movably coupled to the outer surface of the second inner sealing 
mandrel 2740 and the inner surface of the casing 2790. In this manner, the 
second upper sealing head 2746 redprocatea in the axial direction. The radial 
15 dearance between the inner cylindrical surfSace of the second upper sealing head 
2745 and the outer surface of the second inner sealing mandrd 2740 nu^ range, 
for example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial dearance between the inner grlindrical surface of the second upper 
sealing head 2745 and the outer sur&oe of the second inner sealing mandrd 
20 2740 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial dearance. The radial dearance between the outer cylindricd 
surfiace of the second upper sealing head 2745 and the inner surface of the 
casing 2790 may iang«, for example, from about 0.025 to .375 inches. In a 
prtferred embodunoit, the radial dearance between the outer cylindrical 
25 surfeee of the second upper sealing head 2745 and the inner surface of the 
casing 2790 ranges from about 0.025 to 0.125 inches in order to optimally 
provide stabilization for the expansion cone 2765 during the expansion process. 

The second upper sealing head 2745 preferab^ comprises an annular . 

member having substantially cylindrical inner and outer surfaces. The second 
30 upper sealing head 2745 may be fabricated fivm any number of conventional 
commerciallt7 available materials such as, for example, oilfidd countxy tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a prefeired embodiment, the second upper sealing head 2745 is 
fabricated from stainless steel in order to optimalbr provide high strength, 
corrosion resistance, and low friction surfaces. The inner surface^tf the second 
5 upper sealing head 2745 preferabfy includes one or more annular sealing 
members 2870 for sealing the interface between the second upper sealing head 
2746 and the second innw sealing mandrel 2740. The sealing membets 2870 
may comprise any number of conventional commerciaUy available «».«nf«T 
sealing members such as, for example, o-rings, polypak seals, or metal spring 
10 energized seals. In a preferred embodiment, the sealing members 2870 
comprise polypak seals available from Parker Seals in order to optimally 
provide sealing for long axial strokes. 

In a preferred embodiment, the second upper sealing head 2745 includes 
a shoulder 2876 for supporting the second upper sealing head 2745 on the 
15 second Iowa- sealing head 2750. 

The second upper sealing head 2745 may be coupled to the first outer 
sealing mandrel 2735 using any number of conventional commercially available 
mechanical couplings such as, for example, driUpipe connection, oilfield countiy 
tubular goods specialty threaded connection, ratchet-latch type threaded 
20 connection, or a standard threaded connection. In a p^erred embodiment, the 
second upper sealing head 2746 is removably ooupled to the first outer sealing 
mandrel 2735 by a standard threaded connection. In a preferred embodiment, 
the mechanical coupling between the second upper sealing head 2745 and the 
first outer sealing mandrel 2786 includes one or more sealing members 2880 for 
25 fluidicly sealing the interfius between the second upper sealing head 2745 and 
the first outer sealing mandrel 2735. The sealing members 2880 may comprise 
any number of conventional oommerdaUy available sealing membos such as, 
for examiri^ o-ringB, polypak seals or metal spring oiergized s^. In a 
preferred onbodiment, the sealing members 2880 comprise polypak seals 
30 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 
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The second upper sealing head 2745 may be coupled to the second outer 
sealing mandrel 27S5 using any numbar of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
5 connection. In a prefmred embodiment, the second upper sealing head 2745 is 
removably coupled to the second outer sealing mandrel 2755 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the second upper sealing head 2745 and the second outer sealing 
mandrel 2755 includes one or more sealing members 2885 for fluididy sealing 
10 the interface between the second upper sealing head 2745 and the second outer 
sealing mandrel 2755. The sealing members 2885 may comprise any number of 
conventional commercially available sealing members such as» for example, o* 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2885 comprise polypak seals available from 
15 Parker Seals in order to optimally provide sealing for long axial strokes. 

The second lower sealing head 2750 is coupled to the second inner 
sealing mandrel 2740 and the load mandrel 2760. The second lower sealing 
head 2750 is also movabty coupled to the inner surface of the second outer 
sealing mandrel 2755. In this manner, the first upper sealing head 2725, the 
20 first outer sealing mandrel 2735, second upper sealing head 2745, second outer 
sealing mandrd 2755, and the expansion cone 2765 reciprocate in the axial 
direction. The radial clearance between the outer surface of the second lower 
sealing head 2750 and the inner surface of the second outer sealing mandrel 
2755 may range, for example, from about 0.0025 to 0,05 inches. In a preferred 
25 embodim^it, the radial clearance between the outer surface of the second lower 
sealing head 2750 and the inner siuf aoe of the second outer sealing mandrel 
2755 ranges from about 0.005 to 0.01 inches in order to optimally provide 
mmimal radial clearance. 

The second lower sealing head 2750 lareferably comprises an annular 
30 member having substantial^ cylindrical inner and outor surfaces. The second 
lower sealing head . 2750 may be fabricated from any number of conventional 
contmiiercially available materials such as, for example, oilfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other sunilar high strength 
materiab. In a preferred embodiment, the second lower sealing head 2750 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The outer surface of the second 
5 lower sealing head 2750 preferably includes one or more annular sealing 
members 2890 for sealing the interface between the second lower sealing head 
2750 and the second outer sealing mandrel 2756. The sealing members 2890 
may comprise any number of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals or metal spring 
10 energized seals. In a preferred embodiment, the sealing members 2890 
comprise polypak seals availaUe from Parker Seals in order to optimally 
provide sealing for long axial strokes. 

The second lower sealing head 2750 may be coupled to the second inner 
sealing mandrel 2740 using any number of conventional commerdaUy available 
15 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods apedalty threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second lower sealing head 2750 is removably coupled to the second inner sealing 
mandrel 2740 by a standard threaded connection. In a preferred embodiment, 
20 the mechanical coupling betweoi the second lower sealing head 2750 and the 
second inner sealing mandrel 2740 includes one or more sealing membm 2895 
for fluidicly sealing the interface between the second sealing head 2750and the 
second sealing mandrel 2740. The sealing members 2895 may comprise any 
number of oonventionai commercially available sealing members sudi as, for 
25 example, o-rings. polypak seals or metal spring enogized seals. In a preferred 
embodimoit, the sealing membos 2895 con^nise polypak seals available from 
Parka Seals in order to optimally provide sealing for a long axial stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel 
2760 using any numba of convmtional commercially available mechanical 
30 couplings such as, for example, drillpipe connection, oflfield tubular goods 
specialty threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the second lower 
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sealing head 2750 is removably coupled to the load mandrel 2760 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the second lower sealing head 2750 and the load mandrel 2760 
includes one or more sealing members 2900 for fluididy sealing the interface 
5 between the second lower sealing head 2750 and the load mandrel 2760. The 
sealing members 2900 may comprise any number of conventional oonunerdally 
available sealing members such as, for example, o-ringB» polypak seals or metal 
spring energized seals. In a prefmed embodiment, the sealing members 2900 
comprise polypak seals available from Parker Seals in order to optimally 

10 provide sealing for long axial strokes. 

In a preferred embodiment, the second lower sealing head 2750 includes 
a throat passage 2905 fluididy coupled between the fluid passages 2810 and 
2815. The throat passage 2905 is preferably of reduced size and is adapted to 
receive and engage with a plug 2910, or other similar device. In this manner, 

15 the fluid passage 2810 is fluididy isolated from the fluid passage 2815. In this 
manner, the pressure chambers 2915 and 2920 are pressurized. The use of a 
plurality of pressure chambers in the apparatus 2700 permits the effective 
driving force to be multiplied. While illustrated using a pair of pressure 
chambers, 2915 and 2920, the apparatus 2700 may be further modified to 

20 employ additional pressure chambers. 

The second outer sealing mandrel 2755 is coupled to the first upper 
sealing head 2725, the first outer sealing mandrd 2735, the second upper 
sealing head 2745, and the expansion cone 2765. The second outer sealing 
mandrd 2755 is also movably ooufded to the inner surface of the casing 2790 

25 andtheouter surCsce of the second lowv sealing head 2750. In this manner, 
the first upper sealing head 2725, first outer sealing mandrel 2735, second 
upper sealing head 2745, second outer sealing mandrd 2755, and the expansion 
cone 2765 redprocate in the axial direction. 

The radial dearance betwera the outer surface of the second outer 

30 sealing mandrd 2755 and the innv surface of the casing 2790 may range, for 
example, from about 0.025 to 0.375 indies. In a preferred embodiment, the 
radial dearance between the outer surface of the second outer sealing mandrel 
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2755 and the inner surface of the casing 2790 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2765 
during the expansion process. The radial clearance between the inner surface 
of the second outer sealing mandrel 2755 and the outer surface ofihe second 
5 lovwer sealing head 2750 may range, for example, from about 0.0026 to 0.06 
inches. In a preferred embodiment, the radial clearance between the inner 
surface of the second outer sealing mandrel 2756 and the outer surface of the 
second lower sealing head 2750 ranges from about 0.005 to 0.01 inches in order 
to optimally provide mtnimwi radial clearance. 

10 The second outer sealing mandrel 2755 preferably comprisea an annular 

member having substantially cylindrical inner and outer surfaces. The second 
outer sealing mandrel 2755 may be fabricated from any number of conventional 
commerdaUy available materials such as, for ezample, oilfield countiy tubular 
goods, low alloy steel, caribon steel, stainless sted or other similar high strength 
15 materials. In a {veferred embodiment, the second outer sealing mandrel 2755 is 
fabricated from stainless steel in order to optimOiy provide hi^ strength, 
corrosion resistance, and low friction surfaces. 

The second outo- sealing mandrel 2755 may be coupled to the second 
upper sealing head 2745 using any number of conventional commercially 
20 available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubvdar goods specially threaded connection, ratchet-latch type 
threaded connection or a standard threaded connection. In a preferred 
embodiment, the second outer sealing mandrel 2755 is removably coupled to 
the second upper sealing head 2745 by a standard threaded connection. The 
25 second outer sealing mandrel 2755 may be coupled to the expansion cone 2765 
using any numba of conventional comnmcially available mechanical couplings 
such aa, for example, drilliape connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch lype threaded connection, or a 
standard threaded connection. In a preferred embodiment, the second outer 
30 sealing mandrel 2755 is remov^ly coupled to the expansion cone 2765 by a 
standard threaded connection. 
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The load mandrel 2760 ia coupled to the second lower sealing head 2750 
and the medianical slip body 2756. The load mandrel 2760 preferabfy 
comprises an annular member having substantially cylindrical inner and outer 
surfaces. The load mandrel 2760 nuqr be fabricated from any number of 
5 conventional commerdaUy available materials such as, for example, oilfield 
countiy tubular goods, low aUoy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the load mandrel 
2760 is fSabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. 
10 The load mandrel 2760 toay be coupled to the second lower sealing head 

2750 using any number of conventional commerdaUy available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, ratchet-hitch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
15 load mandrel 2760 is removably coupled to the second lower sealing head 2750 
by a standard threaded connection. The load mandrel 2760 may be coupled to 
the mechanical slip body 2775 using any number of conventional commercially 
available mechanical couplings such as, for example, driUpipe connection. 

oimdd counliy tubular goods specialty type threaded connection, ratchet-latch 
20 type threaded connection or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2760 is removably coupled to the mechanical sUp 
bo4y 2775 by a standard threaded connection. 

The load mandrel 2760 preferably includes a fluid passage 2815 that is 
adapted to convey Ouidic materials from the fluid passage 2810 to the fluid 
25 passage2820. In a preferred embodiment, the fluid passage 2815 is adapted to 
convqr fluidic materials such as, for example, cement, epoxy. water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9.000 psi and 0 to 3,000 gallons/^ute. 

The expansion cone 2765 is coupled to the second outer sealing mandrel 
30 2755. The expansion cone 2765 ia also movably coupled to the inner surface of 
the casing 2790. In this manner, the first upper sealing head 2725. first outer 
sealing mandrel 2735, second uppv sealing head 2745, second outer sesling 
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mandrel 2755, and the expansion cone 2765 reciprocate m the axial direction. 
The reciprocation of the expansion cone 2765 causes the casing 2790 to expand 
in the radial direction. 

The expansion cone 2765 preferably comprises an annular member 
5 having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 inches in order to optimally provide 
expansion cone dimensions that accommodate the typical range of ggingB. The 
10 axial length of the expansion cone 2765 may range, for example, from about 2 to 
8 times the largest outer diameter of the expansion cone 2765* In a prefmed 
embodiment, the axial length of the expansion cone 2765 ranges fit>m about 3 
to 5 times the largest outer diameter of the expansion cone 2765 in order to 
optimally provide stabilizatioxi and centralization of the expansion cone 2765. 
15 In a preferred embodiment^ the angle of attack of the expansion cone 2765 
ranges from about 5 to 30 degrees in order to optimally balance frictional forces 
and radial expansion forces. 

The expansion cone 2765 may be fabricated from any numbw of 
conventional comin^ally available materials such as, for example, machine 
20 tool steel, nitride steel, titanium, tungsten carbide, c^amics or other similar 
high strength matmals. In a preferred embodiment, the expansion cone 2765 
is fabricated from D2 machine tool steel in order to optimally provide high 
strragth and resistance to corrosion and galling. In a particularly preferred 
embodiment, the outside surfiBus of the expansion cone 2765 has a surface 
25 hardness ranging frimi about 58 to 62 RockweUC in order to optima^ 
high strength and resistance to wear and galling. 

The ei|»naion cone 2765 may be coupled to the second outside sealing 
mandrel 2765 using any number of conventional oiKnmercia% available 
mechani c al ooupUngs sudi as, for example, drillpipe connection, oilGeld country 
30 tubular goods spedalty type threaded connection, ratdiet-latch type thread 
connection or a standard threaded connection. In a preferred embodiment, the 
expansion cone 2765 is coupled to the second outside sealing mandrel 2765 
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using a standard threaded connection in order to optimally provide hi^ 
strength and easy replacement of the expansion cone 2765. 

The mandrel launcher 2770 is coupled to the casing 2790. The mandrel 
launcher 2770 comprises a tubular section of casing having a reduced wall 
5 thickness compared to the casing 2790. In a preferred embodiment, the waU 
thickness of the mandrel launcher 2770 is about 50 to 100 % of the wall 
thickness of the casing 2790. The waO thickness of the mandrel launcher 2770 
may range , for example, from about 0.15 to 1.5 inches. In a prdferred 
embodiment, the waU thickness of the mandrel launcher 2770 ranges from 
10 about 0.25 to 0.75 inches. In this manner, the initiation ofthe radial expansion 
of the casing 2790 is fadUtated. the placement ofthe apparatus 2700 within a 
weUbore casing and wellbore is facilitated, and the mandrel launcher 2770 has a 
burst strength approximately equal to that of the casing 2790. 

The mandrel launcher 2770 may be coupled to the casing 2790 using any 
15 number of conventional mechanical couplings such as. for example, a standard 
threaded connection. The mandrel launcher 2770 may be fabricated from any 
number of conventional commercially avaflable materials such aa, for example, 
oilfield country tubular goods, low aUoy steel, carbon steel, stainless steel, or 
other similar high strength materials. In a preferred embodiment, the mandrel 
20 launcher 2770 is fabricated from oilfield country tubulAr goods of higher 

strength than that ofthe casing 2790 but with a reduced waU thickness in order 
to optimally provide a small compact tubular container having a burst strength 
apprtadxnatefy equal to that ofthe casing 2790. 

The mechanical alip bo^y 2775 is coupled to the load mandrel 2760, the 
25 mechanical slips 2780, and the drag blocks 2786. The mechanical sh'p bo^y 
2775 prrfoably oranprisea a tubular member having an inner passage 2820 
fluididy coupled to the passage 2815. In this manner, fluidic materials may be 
conveyed from the passage 2820 to a region outside of the apparatus 2700. 

The mechanical alip bo^y 2775 may be coupled to the load mandrel 2760 
30 using any number ofconventionalmedianical couplings. In a preferred 
embodiment, the mechanical slip bo^y 2775 is removably coupled to the load 
mandrel 2760 using a standard threaded conaectioD in order to optimally 
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provide high strength and easy disassembly. The mechanical slip bo«ly 2775 
may be couple4 to the mechanical slips 2780 using any number of conventional 
mechanical couplings. In a preferred embodiment, the mechanical slip body 
2765 is removably coupled to the mechanical slips 2780 using threaded 
5 connections and sliding ateel retainer rings in order to optimaUy provide a high 
strength attachment. The mechanical slip body 2755 may be coupled to the 
drag blocks 2785 using any number of conventional mechanical couplings. In a 
preferred embodiment, the mechanical sUp body 2775 is removably coupled to 
the drag blocks 2785 using threaded connections and shding steel retainer rings 
10 m order to optimally provide a high strength attachment. 

The mechanical slip body 2775 preferably includes a fluid passage 2820 
that is adapted to convey fluidic materials from the fluid passage 2816 to the 
region outside of the apparatus 2700. In a preferred embodiment, the fluid 
passage 2820 is adapted to convey Qmdit materials such as. for example, 
15 cement, epoxy, water, drilling mud or lubiicaata at operating pressures and 
flow rates ranging from about 0 to 9.000 psi and 0 to 3.000 gaUona/minute. 

The mechanical slips 2780 are coupled to the outside surface of the 
mechanical sUp body 2775. During operation of the apparatus 2700. the 
mechanical slips 2780 prevent upward movement of the casing 2790 and 
20 mandrel launcher 2770. In this manner, during the anal reciprocation of the 
expansion cone 2765, the casing 2790 and mandrel kuncher 2770 are 
maintained in a substantiaUy stationsiy position. In this manner, the mandrel 
tauncher 2765 and casing 2790 and mandrel launcher 2770 are expanded in the 
radial direction by the axial movonent of the expansion cone 2765. 
25 The mechanical slips 2780 may comprise any number of conventional 
commerdafly avaihOiIe mechanical slips such as. for example. RTTS packer 
tungsten carbide mechanical slips. RTTS pack<7 wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical sUps. In a 
preferred embodiment, the mechanical slips 2780 comprise RTTS packer 
30 tungsten carbide mechanical slips available from Halliburton Energy Services 
in order to optimaUy provide resistance to axial movement of the casing 2790 
and mandrel launcher 2770 during the expansion process. 

.186. 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/IL00/OO24S 



The drag blocks 2785 are coupled to the outside surface of the 
mechanical slipbo4y 2775. Puringpperation of the apparatus 2700, the drag 
blocks 2785 prevent upward movement of the casing 2790 and mandrel 
launcher 2770. In this manner, during the axial reciprocation of the expansion 
5 cone 2766. the casing 2790 and mandrel launcher 2770 are maintained in a 
substantially stationary position. In this manner, the mandrel launcher 2770 
and casing 2790 are expanded in the radial direction by the axial movement of 
the expansion cone 2765. 

The drag blocks 2785 may comprise any number of conventional 
10 commercially available mechanical slips such as, for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2785 comprise RTTO packer mechanical 
drag blocks avaitable from Halliburton Energy Services in order to optimally 

provide resistance to axial movement of the casing 2790 and mandrel launcher 
15 2770 during the expansion process. 

The casing 2790 is coupled to the mandrel launcher 2770. The casing 
2790 is further removably coupled to the mechanical slips 2780 and drag blocks 
2785. The casing 2790 preferably comprises a tubutar member. The casing 
2790 may be fabricated from any number of conventional commerdaHy 
20 available materials such as. for example; slotted tubutai,. oilfield countiy 
tubular goods, low aUoy steel. cariH,n steel, steinless steel or other simikr high 
strength materiab. In a prefenred embodiment, the casing 2790 is fabricated 
from oilfield country tubuhu- goods available from various foreign and domestic 
Steel mills m order to optimally prtmde high stnagth using stendardized 
25 materiab. ^ a preferred embodiment, the upper end of the casing 2790 
includes one or more sealing members positioned about tiie exterior of Uie 
casing 2790. 

I>uring operation, the apparatiis 2700 is positioned in a weUbore with the 
upper end of the casing 2790 positioned in an overlapping relationship within 
30 an existing weUbore casing. In order minimize surge preasurea within the 
borehole during placeriient of the apparatow 2700, the fluid passage 2795 is 
preferably provided with one or more pressure reUef passages. During the 
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placement of the apparatus 2700 in the weUbore. the casing 2790 is supported 
by the expansion cone 2765. 

After positioning of the apparatus 2700 within the bore hole in an 
overlapping relationship with an ezisting section of wellbore casing, a Grst 
5 fluidic material is pumped into the fluid passage 2796 from a surface location. 
The first fluidic material is conveyed from the fluid passage 2795 to the fluid 
passages 2800, 2802, 2805, 2810. 2815, and 2820. The first fluidic material will 
then exit the apparatus 2700 and fill the annular region between the outside of 
the apparatus 2700 and the interior walls of the bore hole. 
10 The first fluidic material n>v comprise any number of conventional 

commerdally available materiak such as, for eumple. epoxy. drilling mud. slag 
mix, water or cement. In a preferred embodiment, the first fluidic material 
comprises a hardenable fluidic sealing material such as, for example, slag mix, 
epoxy, or cement In this manner, a wellbore casing having an outer annular 
15 layer of a hardoiable material may be formed. 

The Gist fluidic material m^ be pumped into the apparatus 2700 at 
operating pressures and flow rates ranging, for example, from about 0 to 4.500 
psi and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 
material is pumped into the apparatus 2700 at operating pressures and flow 
20 rates ranging from about 0 to 3,500 psi and 0 to 1,200 gaUona/minute in order 
to optinwlly provide operational efficiency. 

At a predetcnnined point in the im'ection of the first fluidic material such 
as, for example, after the annular region outside of the afiparatus 2700 has been 
fiUed to a predetermined level, a plug 2910, dart, or other similar device is 
25 introduced into the first fiuidic material The plug 2910 lodges in the throat 

passsge 2905 thereJv fluididy isotating the fluid passage 2810 from the fluid 
passage 2815. 

After placement of the plug 2910 in the throat passage 2905. a second 
fluidic matoial is pumped into the fluid passage 2796 in order to pressurize the 
30 pressure chambers 2915 and 2920. The second fluidic material may comprise 
any number of conventional commerdally available materials such as, for 
example, water, drilling gases, drilling mud or lubricants. In a preferred 
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embodiment^ the second fluidic material comprises a non-hardenable fluidic 
material such as, for example, water, drilUng mud or lubricant. The use of 
lubricant optimally provides lubrication of the moving parts of the apparatus 
2700. 

5 The second fluidic material way be pumped into the apparatus 2700 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallonq/biinute. In a preferred embodiment, the second 
fluidic material is pumped into the apparatus 2700 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in 

10 order to optimally provide operational ef&denqr. 

The pressurization of the pressure chambers 2915 and 2920 cause the 
upper sealing heads, 2725 and 2745, outer sealing mandrels, 2735 and 2755, 
and expansion cone 2765 to move in an axial direction. As the expansion cone 
2765 moves in the axial direction, the expansion cone 2765 pulls the mandrel 

15 launcher 2770, casing 2790, and drag blocks 2785 along, which sets the 
mechanical slips 2780 and stops further axial movement of the mandrel 
launcher 2770 and casing 2790. In this manner, the axial mov^ent of the 
expansion cone 2765 radially expands the mandrel launcher 2770 and casing 
2790. 

20 Once the upper sealing heads, 2725 and 2745, outer sealing mandrels, 

2735 and 2755, and expansion cone 2765 complete an axial strote, the 
operating pressure of the second fluidic material is reduced and the drill string 
2705 is raised. This caiisea the inner sealing mandrels, 2720 and 2740, lower 
sealing heads, 2730 and 2750, load mandrel 2760, and mechanical slip body 

25 2755 to move upward. This unsets the mechanical slips 2780 and permits the 
mechanical slips 2780 and drag blocks 2785 to be moved upward within the 
mandrel launcher 2770 and casing 2790. When the lower sealing heads, 2730 
and 2750, contact the upper sealing heads, 2725 and 2745, the second fluidic 
material is again presstirized and the radial expansion p rocess continues. In 

30 this manner, the mandrel launcher 2770 and casing 2790 are radial]^ expanded 
throu^ repeated axial strokes of the upper sealing heads, 2725 and 2745, outer 
sealing mandrels, 2735 and 2755, and expansion cone 2765. Thiou£^out the 
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15 



radial expansion process, the upper end of the casing 2790 is preferably 
maintained in an overlapping relation with an existing section of weUbore 
casing. 

At the end of the radial expansion process, the upper end of the casing 
5 2790 is expanded into intimate contact with the inside surface of the lower end 
oftheexistingweUborecaaing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 2790 provide a Huidic seal 
between the outside surface of the upper end of the casing 2790 and the inside 
surface of the lower end of the existing weUbore casing. In a preferred 
10 embodiment, the contact pressure between the casing 2790 and the existing 
section of weUbore casing ranges from about 400 to 10,000 in order to optimally 
provide contact pressure for activating the sealing members, provide optimal 
resistance to axial movement of the expanded casing, and optimaUy resist 
typical tensfle and compressive loads on the expanded casing. 

In a preferred embodiment, as the expansion cone 2765 nears the end of 
the casing 2790, the operating pressure of the second fluidic material is reduced 
in order to minimize shock to the apparatus 2700. In an alternative 
wnbodiment, the apparatus 2700 includes a shock absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2790. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1.000 psi as the expansion cone 2765 
neais the end of the casing 2790 in order to optimal^ provide reduced axial 
movementandvelodtyofthe expansion cone 2766. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the 

25 «t"rnatrokeoftheapparatua2700totherangeofab<mt0to500psiinorder 
minimize the resistance to the movement of the expansion cone 2765 during the 
return stroke. In a preferred embodiment, the stroke length of the apparatus 
2700 ranges from about 10 to 45 feet in order to optimally provide equipment 
that can be easily handled by ^cal oa well rigging equipment and minimize 

30 the frequency at which the apparabia 2700 must be re-stooked during an 
expansion operation. ' 



20 
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In an alternative embodiment, at least a portion of the upper sealing 

heads, 2725 an4 2746, include . expai^sion cones for radiaUy expanding the 

mandrel launcher 2770 and casing 2790 during operation of the apparatus 2700 

in order to increase the surface area of the casing 2790 acted upon during the 

5 radial expansion process. In this manner, the operating pressures can be 
reduced. 

In an alternative embodiment, mechanical slips are positioned in an axial 
location between the sealing sleeve 1915 and the first inner sealing mandrel 
2720 in order to optimally provide a simplified assembly and operation of the 
10 iqtparatus 2700. 

Upon the complete radial expansion of the casing 2790, if appUcable, the 
first fluidic material is permitted to cure within the annular region between the 
outside of the expanded casing 2790 and the interior walls of the weUbore. In 
the case where the casing 2790 is slotted, the cured fluidic material preferably 
15 permeates and envelops the expanded casing 2790. In this manner, a new 
section of wellbore casing is formed within a wellbore. Alternatively, the 
apparatus 2700 may be used to join a first section of pipeline to an existing 
section of pipeline. Altemativefy, the apparatus 2700 m^y be used to direcUy 
line the interior of a weUbore with a casing, without the use of an outer annular 
20 layer of a hardenable material. Alternatively, the apparatus 2700 may be used 
to expand a tubular support membo- in a hole. 

During the radial expansion process, the pressurized areas of the 
apparatus 2700 are limited to the fluid passages 2796, 2800, 2802, 2805, and 
2810, and the pressure chambers 2915 and 2920. No fluid pressure acts directly 
25 on the mandrel launcher 2770 and casing 2790. This permito the use of 
operating pressures higher than the mandrel launcher 2770 and casing 2790 
could noimaUy withstand. 

Referring now to Figive 20, a preferred embodiment of an apparatus 
3000 for forming a mono-diameter weUbore casing will be described. The 
30 apparatus 3000 preferably includes a driUpipe 3005, an innerstring adapter 
3010, a sealing sleeve "3015, a first inner sealing mandrel 3020, hydraulic sUps 
3025, a first upper sealing head 3030, a first lower sealing head 3035, a first 
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outer sealing mandrel 3040, a second inner sealing mandrel 3045, a second 
upper sealing head 3050, a second lower sealing head 3055, a second outer 
sealing mandrel 3060, load mandrel 3066, expansion c6ne 3070, casing 3075, 
and fluid passages 3080, 3085, 3090, 3095, 3100, 3105, 3110, 3115 and 3120. 
5 The driUpipe 3005 is coupled to the innerstring adapter 3010. During 

operation of the apparatus 3000, the drillpipe 3005 supports the apparatus 
3000. The driUpipe 3005 preferabty comprises a substantaaily hollow tubular 
member or members. The driUpipe 3005 may be fabricated from any number of 
conventional commerdally available materials such as, for example, oilfield 
10 country tubular goods, low aUoy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the driUpipe 3005 
is fabricated from coiled tubing in order to facUiate the placement of the 
apparatus 3000 in non-vertical weUborea. The driUpipe 3005 may be coupled to 
the innerstring adapter 3010 using any number of conventional commerdaUy 
15 available mechanical couplings such as, for esunple, driUpipe connection, 
oUfield country tubular goods spedally threaded connection, or a standard 
threaded connection. In a preferred embodiment* the driUpipe 3005 is 
removably coupled to the innerstring adapter 3010 by a driUpipe connection. 
The driUpipe 3005 preferably includes a fluid passage 3080 that is 
20 adapted to convey fluidic materials from a surface location into the fluid 

passage 3085. In a preferred embodiment, the fluid {vassage 3080 is adapted to 
convey fluidic materials such as, for example, cement, eposy, water, driUing 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gaUons/minute. 
25 The innerstring adapter 3010 ia coupled to the driU string 3005 and the 

sealing sleeve 3015. The innerstring adapter 3010 prefmbfy comprises a 
su h stantiaUy hoUow tubular member or membOTS. The innerstring adapter 
3010 may be fabricated from any number of conventional oommertnaUy 
avaflable materials such as, for example, oUfield country tubular goods, low 
30 aUoy steel, carbon steel, stainless steel, or other similar high strength materials. 
In a preferred embodiment, the innerstring adapter 3010 is fabricated from 
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Stainless steel in order to optimaUy provide hi^ strength, corrosion resistance, 
and low friction surfaces. 

The innerstring adapter 3010 may be coupled to the drill string 3005 
using any number of conventional commerdally available mechanical couplings 
6 such as, for example, driUpipe connection, oilfield countey tubular goods 
specialty type threaded connedzon, or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 3010 is removably coupled to 
the drill pipe 3005 by a drillpipe connection. The hmerstring adapter 3010 may 
be coupled to the sealing sleeve 3015 using any number of conventional 
10 commecoaUy available mechanical couplings such as. for example, drillpipe 
connection, oilfield country tubular goods specialty type threaded connection, 
ratdiet-latch type threaded connection or a standard threaded connection. In a 
prefOTed embodiment, the innerstring ad^ter 3010 is removably coupled to 
the sealing sleeve 3015 by a standard threaded connection. 
15 The innerstring adapter 3010 preferably includes a fluid passage 3085 

that is adapted to convey fluidic materials fix>m the fluid passage 3080 into the 
fluid passage 3090. In a preferred embodiment, the fluid passage 3085 is 
adapted to convey fluidic materials such as, for example, cement, epoxy. water, 
drilling mud, or lubricants at operating pressures and flow rates ranging from 
20 about 0 to 9,000 psi and 0 to 3.000 gallono/minute. 

The sealing sleeve 3015 is coupled to the innerstring adapter 3010 and 
the first inner sealing mandrel 3020. The sealing sleeve 3015 preferably 
comprises a substantially hollow tubular member or members. The sealing 
sleeve 3015 m^ be fabricated from any number of conventional commercially 
26 available materials such as, for example, oilfield oountzy tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodinmnt, the sealing sleeve 3015 is fabricated from stainless 
steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

30 The sealing sleeve 3015 may be coupled to the innerstring adapter 3010 

using any number of conventional commetdaUy available medumical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
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Specialty type threaded connection, ratchet-latch type connection or a standard 
threaded connection. In a preferred embodiment, the sealing sleeve 3015 is 
removably coupled to the innerstring adapter 3010 by a standard threaded 
connection. The sealing sleeve 3015 may be coupled to the first inner sealing 
5 mandrel3020usingany numb» of conventional oommerctallyavaOable 
mechanical couplings such as, for example, driUpipe connection^ oilfield countiy 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred aiibodiment) the 
sealing sleeve 3015 is removably coupled to the Orst inner sealing mandrel 3020 
10 by a standard threaded connection. 

The sealing sleeve 3015 preferably indudea a fluid passage 3090 that is 
adapted to convey fluidic materials from the fluid passage 3085 into the fluid 
passage 3095. In a preferred embodiment, the fluid passage 3090 is adapted to 
convcgr fluidic materials such as, for example, cement, epoqr, water, drilling 
15 mud, or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to 3,000 gallons^unute. 

The first inner sealing mandrel 3020 is coupled to the sealing sleeve 
3015, the hydraulic slipe 3025, and the first lower sealing head 3035. The first 
inner sealing mandrel 3020 is further movably coupled to the first upper sealing 
20 head 3030. The first inner sealing mandrel 3020 preferably comprises a 
substantiaUy hoUow tubular member or members. The first inner sealing 
mandrel 3020 may be fabricated fix)m any number of conventional commercially 
available materials such as, for example, oilfield countiy tiihM|flr goods, low 
aUoy steel* carbon steel, stainless steel, or similar higb atreogth materials. In a 
25 preferred eoibodinraitt the first inner sealing mandrd 3020 is fabrioL 

stainless steel in otdor to optimaUy provide high strength, corrosion resistance, 
and low fiiction surfooes. 

The first inner sealing mandrel 3020 may be coupled to the seating sleeve 
3015 using axxy number of conventional commercial^ available mgchftnicffl 
30 couplings such as, for example, driUpipe connection, oilfield country tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
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first inner sealing mandrel 3020 is removably coupled to the sealing sleeve 3015 
by a standard threaded connection. The first inner sealing mandrel 3020 may 
be coupled to the hydraulic sUps 3025 using any number of conventional 
commerdaUy available mechanical couplings such as, for example, drillpipe 
5 connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the first inner sealing mandrel 3020 is removably 
coupled to the hydraulic slips 3025 fay a standard threaded connection. The 
first inner sealing mandrel 3020 may be coupled to the first lower sealing head 
10 3035 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection; oilfield countiy tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first inner sealing mandrel 3020 is removably coupled to the first lower sealing 
15 head 3035 by a standard threaded connection. 

The first inner sealing mandrel 3020 preferably includes a fluid passage 
3095 that is adapted to convey fluidic materials firom the fluid passage 3090 into 
the fluid passage 3100. In a preferred embodiment, the fluid passage 3095 is 
adapted to convey fluidic materials such as, for ezanqile. water, drilling mud. 
20 cement, epoxy, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9.000 psi and 0 to 3,000 gaUons/minute. 

The first inner sealing mandrel 3020 finther preferably includes fluid 
passages 3110 that are adapted to oonvqr fluidie materials from the fluid 
passage 3095 into the pressure chambers ofthe hydraulic slips 3025. In this 
25 manner, the slips 3025 are activated upon the pressurization of the fluid 
passage 3095 into contact with the inside surface of the casing 3075. In a 
preferred embodiment, the fluid passages 3110 are adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling fluids or 
lubricants at operating pressures and flow rates ranging from about 0 to 9.000 
30 psi and 0 to 3,000 gaJlona/minute. 

The first inner dealing mandrel 3020 further preferably includes fluid 
passages 3115 that are adapted to conv^ fluidic materials from the fluid 
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passage 3095 into the first pressure chamber 3175 defined by the first upper 
sealing head 3030, the first lower sealing head 3035, the first inner sealing 
mandrel 3020, and the first outer sealing mandrel 3040. During op^^ation of 
the apparatus 3000, pressurization of the pressure chamber 3175 causes the 
5 first upper sealing head 3030, the first outer sealing mandrel 3040, the second 
upper sealing head 3050, the second outer sealing mandrel 3060, and the 
expansion cone 3070 to move in an axial direction. 

The slips 3025 are coupled to the outside surface of the first inner sealing 
mandrel 3020. During operation of the ^paratus 3000, the alipa 3025 are 
10 activated upon the pressurization of the fluid passage 3095 into contact with 
the inside surface of the casing 3075. In this manner, the slips 3025 miiin tiii Ti 
the casing 3075 in a substantially stationazy position. 

The slips 3025 preferably include fluid passages 3125, ineasure chambers 
3130, spring bias 3135, and slip monbers 3140. The slips 3025 may comprise 
15 any number of oonv^tional commercial^ available hydraulic slips such as, for 
example, RTTS packer tungsten carbide hydraulic slips or Modd 3L retrievable 
bridge plug with hydraulic slips. In a preferred embodiment, the slips 3025 
conqirise RTTS packer tungsten carbide hydraulic slips avafiable firom 
Hallibinton Energy Services in order to optimally provide resistance to axial 
20 movement of the casing 3075 diuing the expansion process. 

The first upper sealing head 3030 is coupled to the first outer sealing 
mandrel 3040, the second upp^ sealing head 3050, the second outo* sealing 
mandrel 3060, and the esq^ansion cone 3070. The first upper sealing head 3030 
is also movably coupled to the outer surface of the first inner sealing mandrel 
25 3020 and the inner sorfinoe of the casing 9075. In this mannw, the first upper 
sealing head 3030, the first outer sealing mandrel 3040, the second upper 
sealing head 3050, the second outer sealing mandrd 3060, and the expansion 
cone 3070 reciprocate in the axial direction. 

The radial clearance between the inner cylindrical surface of the first 
30 uppersealingheadSOSOand the outer surface of the first inna sealing mandrel 
3020 may range, for example, fit>m about 0.0025 to 0.05 inches. In a prrferred 
embodiment, the radial clearance between the inner cylindrical surface of the 
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first upper sealing head 3030 and the outer surface of the first inner sealing 
mandrel 3020 ranges from about 0.005 to 0.01 inches in order to optimally 
provide minimal radial clearance. The radial clearance between the outer 
cylindrical surface of the first upper sealing head 3030 and the inner surface of 
5 the casing 3075 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred onbodiment, the radial clearance between the outer cylindrical 
surface of the first upper sealing head 3030 and the inner surface of the casing 
3075 ranges from about 0.025 to 0.125 inches in order to optimaUy provide 
stabilization for the esq^ansion cone 3070 during the expansion process. 
10 The first upper seaUng head 3030 preferably comprises an annular 

member having substantiaUy cylindrical inner and outer surfaces. The first 
upper sealing head 3030 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, or other similar high strength materials. In 
15 a preferred embodiment, the first upper sealing head 3030 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low fiiction surfaces. The innv surface of the first upper sealing head 3030 
preferably includes one or more annular sealing moabers 3145 for sealing the 
interface between the first upper sealing head 3030 and the first inner sealing 
20 mandrel3020. The sealing members 3145 may comprise any number of 
conventional commercially available annular sealing members such as, for 
example, o-rin0i,pQlypak seals or metal spring energized seals. Inapreferred 
embodiment^ the sealing mraibers 3145 comprise polypak seals available from 
Paricer seals in order to optimally provide sealing for a long axial stroke. 
25 In a prafeired embodim»t» the first upper sealing head 3030 includes a 

shoulder 3150 for supporting the first upper sealing head 3030, first outer 
sealing mandrd 3040, second uppv sealing head 3050, second out«r seaUng 
mandrel 3060, and expansion cone 3070 on the first lowor sealing head 3035. 
The first upper sealing head 3030 may be coupled to the first outer sealing 
30 mandrel 3040 using any number of conventional commercially available 

mechanical couplings Such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
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connection. In a preferred embodiment, the first upper sealing head 3030 is 
removably coupled to the Grst outer sealing mandrel 3040 by a standard 
threaded connection. In a preferred embodiment^ the mechanical coupling 
between the first upper sealing head 3030 and the first outer sealing mandrel 
5 3040 includes one or more sealing members 3156 for fluididy sealing the 
interface between the first upper sealing head 3030 and the first outer sealing 
mandrel3040. The sealing members 31S5 may compriae any number of 
conventional conunerdaUy available sealing members such as, for example, o- 
nngs,polypak seals, or metal spring energized seals. In a preferred 
10 embodiment, the sealing mradbera 3155 comprise po^ypak seals avaUable from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The first lower sealing head 3035 is coupled to the first inner sealing 
mandrel 3020 and the second inner sealing mandrel 3045. The first lower 
sealing head 3035 is also movab^ coupled to the inner surface of the firat outer 
15 sealing mandrel 3040. In this manner, the first upper sealing head 3030, first 
outer sealing mandrel 3040, second upper sealing head 3050, second outer 
sealing mandrel 3060, and expansion cone 3070 redprocate in the axial 
direction. The radial dearance between the outer surface of the first lower 
sealing head 3035 and the inner surface of the first outer sealing mandrel 3040 
20 may range, for example, fit)m about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial dearance between the outer surface of the first lower 
sealing head 3035 and the inner surface of the outer sealing mandrel 3040 
ranges firom about 0.005 to O.OI incheB in order to optimal^ provide minimal 
radial dearance. 

25 The first lower sealing head 3035 preferably comprises an annular 

member having substantiaUyc^drical inner and outer surfaces. Thefirst 
lower sealing head 3035 may be fabricated firom any number of conventional 
commerdally available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 

30 materials. In a preferred embodiment, the first lower sealing head 3035 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low firiction surfaces. The outer surface of the first 
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lower sealing head 3036 preferably includes one or more annular sealing 
monbers 3160 for sealing the interface between the first loww sealing head 
3035 and the first outer sealing mandrel 3040. The sealing members 3160 may 
comprise any number of conventional commerdaUjr available annular sealing 
5 members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 3160 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for a long 
axial stroke. 

The first lower sealing head 3035 may be coupled to the first inner 
10 sealing mandrel 3020 using any number of conventional commercially available 
mechanical couplings such as, for example, driUpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first lower sealing head 3035 is removably coupled to the first inner sealing 
15 mandrel 3020 by a standard threaded connection. In a prefeired embodiment, 
the mechanical coupUng between the first lower sealing head 3035 and the first 
inner sealing mandrel 3020 includes one or more sealing members 3165 for 
fluidicly sealing the interfiace between the first lower sealing head 3035 and the 
first inner sealing mandrel 3020. The sealing members 3165 m^y comprise any 
20 number of conventional commercially available sealing membm audi as. for 
example, o-rings, polypak seals, or metal spring energized seals. In a preferred 
embodiment, the sealing membets 3165 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial sixoke length. 
The first lower sealing head 3035 may be coupled to the second inner 
25 sealing mandrel 3045 using any number of conventional conunerdally available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first lower sealing head 3035 is removably eoupled to the second inner sealing 
30 mandrel 3045 by a standard threaded connection. In a preferred embodiment, 
the mechanical couplihg between the first lower sealing head 3035 and the 
second inno* sealing mandrd 3045 includes one or more sealing members 3170 
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for fluididy sealing the interface between the first lower sealing bead 3035 and 
the second inner sealing mandrel 3045. The sealing membera 3170 may 
comprise any number of conventional commerdaUy available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seab. In a 
5 preferred embodiment, the sealing members 3170 comprise polypak seals 
available from Parker Seals in order to optimaUy provide sealing for a long axial 
stroke. 

The first outer sealing mandrel 3040 is coupled to the first upper sealing 
head 3030 and the second upper sealing head 3050. The first outer sealing 
10 mandrel 3040 is alao movabbr coupled to the inner surface of the casing 3075 
and the out^ surface of the first lower sealing head 3035. In this manner, the 
first upper sealing head 3030. first outer sealing mandrel 3040. second upper 
sealing head 3060, second outer sealing mandrel 3060, and the expansion cone 
3070 rectproeate in the azial direction. The radial clearance between the outer 
15 surface of the first outer sealing mandrel 3040 and the inner surface of the 
casing 3075 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the 
first outer sealing mandrel 3040 and the inner surface of the casing 3075 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for 
20 the expansion cone 3070 during the expansion process. The radial clearance 
between the inner surface of the first outer sealing mandrel 3040 and the outer 
surface of the first lower sealing head 3035 m^ range, for example, from about 
0.005 to 0.125 inches. In a preferred embodiment, the radial clearance between 
the mner surface of the first outer sealing mandrel 3040 and the outer surface 
25 of the first lower sealing head 3035 ranges from about 0.005 to 0.01 inches in 
order to optimaUy provide minimal radial clearance. 

The first outer sealing mandrel 3040 preferably comprises an annular 
member having substantiaUyqrIindrical inner and outer surfaces. The first 
outer sealing mandrel 3040 may be fabricated from any number of conventional 
30 commercially available materials such as, for example, oilfield country tubular 
goods, low aUoy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first outer sealing mandrel 3040 is 
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fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The first outer sealing mandrel 3040 may be coupled to the first upper 
sealinlrhead 3030 using any number of conventional commerdaUy available 
5 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first outer sealing mandrel 3040 is removably coupled to the first upper sealing 
head 3030 by a standard threaded connection. In a preferred embodiment, the 
10 mechanical coupling between the first outer sealing mandrel 3040 and the first 
upper sealing head 3030 includes one or more sealing members 3180 for sealing 
the interface between the first outer sealing mandrel 3040 and the first upper 
sealing head 3030. The sealing membeis 3180 may comprise any number of 
conventional commercially available sealing monbas such as, for example, o- 
15 rings, polypak seals or metal spring energized seals. In a preferred 

embodiment, the sealing members 3180 comprise po|ypak seals available from 
Parker Seals in order to optimaUy provide sealing for a long axial stroke 

The first outer sealing mandrel 3040 mi^ be coupled to the second upp« 
sealing head 3060 using any number of conventional commerdaUy available 
20 mechanical couplings such as, for example, driUpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
first outer sealing mandrel 3040 is removably coupled to the second upper 
sealing head 3060 by a standard threaded connection. In a preferred 
25 embodiment, the mechanical coupling between the first outer sealing mandrel 
3040 and the second upper sealing head 3060 includes one or more sealing 
members 3186 for sealing the interface between the first outer sealing mandrel 
3040 and the second upper sealing head 3050. The sealing members 3185 may 
comprise any number of conv^tional commerdaUy available sealing members 
30 such as. for example, o-ringB, poiypak seals or metal firing energized seals. In a 
preferred embodiment, the sealing members 3185 comprise poiypak seals 
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available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The second inner sealing mandrel 3045 is coupled to the first lower 
sealing head 3035 and the second lower sealing head 3055. The second inner 
5 sealing mandrd 3045 preferably comprises a substantially hoUowtubulu 
member or members. The second inner sealing mandrd 3045 may be fabricated 
from any nmnber of convmtional commercially availabte materials such as, for 
example, oilfield countzy tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar hi^ strength materials. In a preferred embodiment, the 
10 second inner sealing mandrel 3045 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. 

The second inner sealing mandrel 3045 may be coupled to the first lower 
sealing head 3035 using any number of conventional conunerdally available 
mechanical couplings such as, for example, drillpipe connection, oilfield coimtry 
15 tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
second inner sealing mandrel 3045 is removably coupled to the first lower 
sealing head 3035 by a standard threaded connection. The second inner 
sealing mandrel 3045 may be coupled to the second lower sealing head 3065 
20 using any numba: of convmtional oonunerdally avaflable mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type connection, or a standard 
threaded connection. In a preferred embodiment, the second inner sealing 
mandrel 3045 is tmxrmbly coupled to the second lower sealing head 3055 by a 
25 standard threaded connection. 

The second inner sealing mandrel 3045 preferably includes a fluid 
passage 3100 that is ariaptffd to convey fluidic Tnnfgn aii y from the fluid passage 
3095 into the fluid passage 3105. In a preferred embodiment, the fluid passage 
3100 is a d a p t ed to convey fluidic materials such as, for example, cement, epoxy, 
30 water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
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The second inner sealing mandrel 3045 further preferably includes fluid 
passages 3120 that are ad^ted to convey fluidic materials from the fluid 
passage 3100 into the second pressure chamber 3190 defined by the second 
upper sealing head 3050, the second lower sealing head 3055, the second inner 
5 sealing mandrel 3045, and the second outa sealing mandrel 3060. During 
operation of the apparatus 3000, pressurization of the second pressure chamber 
3190 causes the first upper seaUng head 3030, the first outer sealing mandrel 
3040, the second upper sealing head 3050, the second outer sealing mandrel 
3060, and the expansion cone 3070 to move in an axial direction. 
10 The second upper sealing head 3050 is coupled to the first outer sealing 

mandrel 3040 and the second outer sealing mandrel 3060. The second upper 
seahng head 3050 is also movably coupled to the outer surface of the second 
inner sealing mandrel 3045 and the inner surCaee (rf'the casing 3075. In this 
manner, the second upper sealing head 3050 redprocates m the axial direction. 
15 The radial clearance between the Inner cylindrical surface of the second uppa 
sealing head 3050 and the outer surface of the second inner aealmg mandrel 
3045 may range, for examfde, from about 0.0025 to 0.05 inches. In a preferred 
embodimoit, the radial clearance between the inner cylindrical surface of the 
second upper sealing head 3050 and the outer surface of the second inner 
20 sealing mandrel 3045 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial dearance. The radial clearance between the 
outer q^drical surface of the second upper sealing head 3050 and the inner 
surface of the casing 3076 may range, for example, from about 0.025 to 0.375 
inches. In a preferred embodiment, the radial clearance between the outer 
25 cjiindrical surface of the second upper sealing head 3050 and the inner surface 
of the casing 3075 ranges from about 0.025 to 0. 125 inches in order to optimally 
provide stabilization for the expansion cone 3070 during the expansion process. 

The second upper sealing head 3050 preferably compnaea an nfiniiiai- 
member having substantially cylindrical inno- and onter surfaces. The second 
30 upper sealing headSO^O may be fiabricated from any number of conventional 
commercially available materials such as, for example, oilfield countiy tubidar 
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goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment^ the second upper sealing head 3050 is 
fabricated from stainless steel in order to optimaUy provide high strength, 
corrosion resistance, and low friction surfaces. The inner surface-of the second 
5 upper sealing head 3050 preferably includes one or more azmular sealing 
members 3195 for sealing the interface between the second upper sealing head 
3050 and the second inner sealing mandrel 3045. The sealing members 3195 
may conq)rise any number of conventional commerdalty available annular 
sealing members such as, for example, o-rings, polypak seals or metal spring 

10 energized seals. In a preferred embodiment, the sealing members 3195 
comprise polypak seals available from Parker Seals in order to optimal^ 
provide sealing for a long axial stroke. 

In a Inferred embodiment, the second upper sealing head 3050 includes 
a shoulder 3200 for supporting the first upper sealing head 3030, first outer 

15 sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and expansion cone 3070 on the second lower sealing head 3055. 

The second upper sealing head 3050 may be coupled to the first outer 
sealing mandrel 3040 using any number of conventional comm^dally available 

20 mechanical couplings such as, for example, drillpipe coimection, oilfield country 
tubular goods specialty type Oureaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second upper sealing bead 3050 is removably coupled to the first outer sealing 
mandrel 3040 by a standard threaded connection. In a preferred embodiment, 

25 the mechanical coupling between the second upper sealing head 3050 and the 
first outer sealing mandrel 3040 indudes one or more sealing members 3 185 for 
fluididy sealing the interface between the second upper sealing head 3050 and 
the first outer sealing mandrel 3040. The second upper sealing head 3050 may 
be coupled to the second outer sealing mandrdi 3060 using any mumbCT of 

30 conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection, or a standard threaded 
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connection. In a preferred embodiment^ the second upper sealing head 3050 is 
removably coupled to the second outer sealing mandrel 3060 by a standard 
threaded connection. In a prefnred embodiment^ the mechanical coupling 
between the second upper sealing head 3050 and the second outer .sealing 
5 mandrel 3060 includes one or more sealing members 3205 for fluididy sealing 
the interface between the second upper sealing head 3050 and the second outer 
sealing mandrel 3060. 

The second lower sealing head 3055 is coupled tb the second inner 
sealing mandrel 3045 and the load mandrel 3065. The second lower sealing 
10 head 3055 is also movably coupled to the inner surface of the second outer 
sealing mandrel 3060. In this manner, the first upper sealing head 3030, first 
outer sealing mandrel 3040, second upper sealing mandrel 3050, second outer 
sealing mandrel 3060, and expansion cone 3070 reciprocate in the anal 
direction. The radial clearance between the outer surface of the second lower 
15 sealing head 3055 and the inner surface of the second outer sealing mandrel 
3060 may range, for example, bvm about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the outer surface of the second lower 
sealing head 3055 and the inner surface of the second outer sealing mandrel 
3060 ranges from about 0.005 to 0.01 inches in order to optimally provide 
20 minimal radial dearanoe. 

The second lower sealing head 3055 preferably comprises an annular 
meniber having substantaaUy cylindrical iuier and outer stnf aces. The second 
lower sealing head 3055 m^y be fiabriated from any number of conventional 
commercially available materials such as, for examine, oilfield country tubular 
25 goods, low aU<7sfed. carbon steel, stainless steel, or other similar hi^ 

strength materials. In a preferred embodiment, the second lower sealing head 
3055 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. The outer stir&ce of 
the second low« sealing head 3055 prefoably indudea one or more annular 
30 sealing members 3210 for sealing the interface between the second lower 
sealing head 3055 and the second outar sealing mandrel 3060. The sealing 
members 3210 may comprise any number of conventional conunerdally 
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available annular sealing members such as, for example, o-rings, polypak seals, 
or metal spring. energized seals. In . a preferred embodiment, the sealing 
members 3210 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for long axial strokes. 
5 The second lower sealing head 3055 may be coupled to the second inner 

sealing mandrel 3045 using any number of conventional conunerdally available 
mechanical couplings such aa^ for example, drillpipe concnection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the second lower sealing head 3055 is 
10 removably coupled to the second inner sealing mandrel 3045 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the lower sealing head 3055 and the second inner sealing mandrel 
3045 includes one or more sealing members 3215 for fluididy sealing the 
interface between the second lower sealing head 3055 and the second inner 
15 sealing mandrel 3045. The sealing members 3215 may comprise any number of 
conventional commercially avaOable sealing members such as, for example, o* 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 3215 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 
20 The second lower sealing head 3055 may be coupled to the load mandrel 

3065 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, or a standard threaded connection. 
In a preferred embodiment, the second lower sealing head 3055 is removably 
25 coupled to the bad mandrd 3065 by a standard threaded connection. In a 
preferred raibodiment» the mechanical coupling between the second lower 
siding head 3055 and the load mandrel 3065 indadea one or more sealing 
members 3220 for fluididy sealing the interface between the second low^ . 
sealing head 3055 and the load mandrd 3065. The sealing members 3220 may 
30 comprise any numbv of conventional commerdally available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 3220 comprise polypak seals 
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available from Parker Seals in order to optimally provide sealing for a long asial 
stroke. 

In a preferred embodiment^ the second lower sealing head 3055 includes 
a throat passage 3225 fluididy coupled between the fluid passages 3100 and 
5 3105. The throat passage 3225 is preferably ofreduced size and is adapted to 
receive and engage with a plug 3230, or other simflar device. In this manner, 
the fluid passage 3100 is fluidicly isolated from the fluid passage 3105. In this 
manner, the pressure chambers 3175 and 3190 are pressurized. Furthermore, 
the placement of the plug 3230 in the throat passage 3225 also pressurizes the 
10 pressure chambers 3130 of the hydraulic slips 3025. 

The second outer sealing mandrel 3060 is coupled to the second upper 
sealing head 3050 and the expansion cone 3070. The second outer seahng 
mandrel 3060 is also movably coupled to the inner surface of the casing 3075 
and the outer surface of the second lower sealing head 3055. In this manner, 
15 the first upper sealing head 3030, first outer sealing mandrel 3040, second 
upper sealing head 3050, second outer sealing mandrel 3060, and the expansion 
cone 3070 reciprocate in the axial direction. The radial clearance between the 
outer surfiaoe of the second outer sealing mandrel 3060 and the inner surface of 
the casing 3075 may range, for example, from about 0.025 to 0.375 inches. In a 
20 preferred embodiment, the radial clearance between the outer surface of the 
second outer sealing mandrel 3060 and the inner surface of the casing 3075 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
st abilizati on for the expansion cone 3070 during the expansion process. The 
radial clearance between the inner surface of the second outer sealing mandrel 
25 3060 and the outer surface of the second lower sealing head 3055 may range, for 
example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial clearance between the inner surface of the second outer sealing mandrel 
3060 and the outer surface of the second lower sealing head 3055 ranges from 
about 0.005 to 0.01 inches in ords to optimally provide tninitwAi radial 
30 clearance. 

The second outer sealing mandrel 3060 preferably comprises an annular 
member having substantially ^lindrical inner and outer surfaces. The second 
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outer sealing mandrel 3060 may be fabricated from any number of conventional 
commercially ayailabjie materials such as, for example, oilfield country tubular 
goods, low aUoy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodimoit, the second outer sealing mandrel 3060 is 
5 fabricated from stainless steel in order to optimally provide high strength, 
corrosion resiatanoe, and low friction surfaces. 

The second outer sealing mandrel 3060 may be coupled to the second 
upper sealing head 3050 using any number of conventional commercially 
available medumical couplings such as, for example, driUpipe connection. 
10 oilfield coun<jy tubuhv goods specialty type threaded connection, or a standard 
threaded connection. In a prefeixed embodiment, the outer sealing mandrel 
3060 is removably coupled to the second ui^ sealing head 3050 by a standard 
threaded connection. The second outer sealing mandrel 3060 may be coupled to 
aie expansion cone 3070 using any number of conventional commercially 
15 available mechanical couplings such as, for example, drillpipe connection, 
oilfield countiy tubular goods specialty type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the second outer sealing 
mandrel 3060 is removably coupled to the expansion cone 3070 by a standard 
threaded connection. 
20 The first upper sealing head 3030, the first low» sealing head 3035, the 

first inner sealing mandrel 3020. and the first outer sealing mandrel 3040 
together define the first pressure diamber 3175. The second upper sealing head 
3050, the second lowar sealing head 3055, the second umer sealing mandrel 
3045, and the second outer sealing mandrel 3060 together define the second 
25 pressure chamber 3190. The first and second pressure chambers, 3175 and 
3190, are fluidic|y coupled to the passages, 3095 and SlOO, via one or more 
passages, 3115 and 3120. During operation of the apparatus 3000, the plug 
3230 ttigages with the throat passage 3225 to fluididy isolate the fluid passage 
3100 from the flxiid passage 3105. The pressure chambos, 3175 and 3190, are 
30 then pressurized which in turn causes the first uppo- sealing head 3030, the 
first outer sealing mandrel 3040, the second upper sealing head 3050, the 
second out^ sealing mandrel 3060, and expansion cone 3070 to reciprocate in 
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the axial direction. The axial motioa of the expansion cone 3070 in turn 
expands the casing 3075 in the radial direction. The use of a plurality of 
pressure chambers, 3175 and 3190, effectively multiplies the available driving 
force for the expansion cone 3070. 
5 The load mandrel 3065 is coupled to the second lower sealing head 3055. 

The load mandrel 3065 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The load mandrel 3065 may 
be fabricated from any niunber of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
10 carbon steel, stainless steel or other similar hi^ strength materials. In a 
preferred embodiment, the load mandrel 3065 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low 
firiction surfaces. 

The load mandrel 3065 may be coupled to the lower sealing head 3055 
15 using any number of conventional commerdaUy available mechanical couplings 
such as, for example, epos^, cement, water, drilling mud, or lubricants. In a 
preferred embodiment, the load mandrel 3065 is removably coupled to the lower 
sealing head 3055 by a standard threaded connection. 

The load mandrd 3065 preferably includes a fluid passage 3105 that is 

20 adapted to convey fluidic materials from the fluid passage 3100 to the r^on 
outside of the apparatus 3000. In a preferred embodiment, the fluid passage 
3105 is ad£^ted to convey fluidic materials sucb as, for example, cement, epoxy, 
water, drilling mud or lubricants at operating pressiures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

25 The expansion cone 3070 is coupled to the second outer sealing mandrel 

3060. The expansion cone 3070 is also movab^ coupled to the inner surface of 
the casing 3076. In this manner, the first upper sealing head 3030, first outer 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and the expansion cone 3070 reciprocate in the axial direction. 

30 The reciprocation of the expansion cone 3070 causes the casing 3075 to eq)and 
in the radial direction! 
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The expansion cone 3070 preferably comprises an annular member 
having substantially cylindrical inner and ronical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
5 surface ranges from about 3 to 28 inches in order to optimal^ provide an 
expansion cone 3070 for expanding ^ical casings. The axial length of the 
expansion cone 3070 may range, for example, from about 2 to 8 times the 
maximum outer diameter of the expansion cone 3070. In a preferred 
embodiment, the axial length of the expansion cone 3070 ranges from about 3 

10 to 5 times the maximum outer diameter of the expansion cone 3070 in order to 
optimally provide stabilization and centralization of the expansion cone 3070 
during the expansion process. In a particularly preferred embodiment, the 
maximum outside diameter of the expansion cone 3070 is between about 95 to 
99 % of the inside diameter of the existing wellbore that the casing 3075 wiU be 

15 joined with. In a preferred embodiment, the angle of attack of the expansion 
cone 3070 ranges fit>m about 5 to 30 degrees in order to optimally balance the 
frictional forces with the radial expansion forces. 

The expansion cone 3070 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 

20 tool steel, nitride steel, titanium, tungsten carbide, ceramics, or other similar 
high strength materials. In a preferred embodiment» the expansion cone 3070 
is fabricated fit>m D2 machine tool steel in order to optimally provide high 
strength and resistance to wear and galling. In a particularly p r ef erred 
embodiment^ the outside surface of the expansion cone 3070 has a surface 

25 hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
high straigth and resistance to wear and galling. 

The expansion cone 3070 may be coupled to the second outside sealing 
mandrel 3060 using any number of conventional commodalfy available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 

30 tubular goods specialty type threaded connection, ratdiet^latch type connection 
or a standard tiireadecl connection. In a preferred embodimrat, the expansion 
cone 3070 is coupled to the second outside sealing mandrel 3060 using a 
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Standard threaded connection in order to optimally provide high strength and 
easy disassembiy. 

The casing 3075 is removably coupled to the slips 3025 and the expansion 
cone 3070. The casing 3075 preferably comprises a tubular member. The 
5 casing 3075 may be fabricated from any number of conventional commercially 
available materials such as. for example, slotted tubulars, oilfield countzy 
tubular goods, carbon steel, low alloy steel, stainless steel, or other sinular high 
strength materials. In a preforred embodimmt, the casing 3075 is fabricated 
from oilfield country tubular goods available from various foreign and domestic 
10 sted mills in order to optimally provide high strength. 

In a preferred embodiment, the upper end 3235 of the casing 3075 
includes a thin waU section 3240 and an outer annular sealing member 3245. 
In a preferred embodiment, the wall thickness of the thin wall section 3240 is 
about 50 to 100 % of the regular wall thidmesa of the casing 3075. In this 
15 manner, the upper end 3235 of the casing 3075 may be easily radially expanded 
and defonned into intimate contact with the lower end of an existing section of 
weUbore casing. In a prrfezred embodiment, the lower md of the existing 
section of casing also includes a thin wall section. In this manner, the radial 
«xpansion of the thin walled section 3240 of casing 3075 into the thin walled 
20 section of the existing wellbore casing results in a wdlbore casing having a 
substantial^ constant inside diameter. 

The annular aealing monber 3245 may be fabricated from any number of 
conventional oammerdally anrailable sealing »n«tJT ii ^ lff such as, for example, 
^po^, rubber, metal or plastic In a preferred mbodiment, the annular sealing 
25 member 8245 is CEd[>ricated ftt>m StrataLock epoo^ in order to optimally provide 
compressibility and wear resistance. The outside diameter of the annular 
sealing member 3245 prtferabfy ranges from about 70 to 95 % of the inside 
diameter of the lower section of the weUbore casing that the casing 3075 is 
joined to. In this manner, after radial expansion, the annular sealing membo- 
30 3245 optimally provides a fluidic seal and also prdierably optimally provides 
sufficient frictional force with the inside surface of the existing section of 



-211. 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



wellbore casing during the radial expansion of the casing 3075 to support the 
casing 3075. 

In a preferred embodiment, the lower end 3250 of the casing 3075 
includes a thin wall section 3266 and an outer annular sealing member 3260. 
5 In a preferred embodiment, the waU thickness of the thin waU section 3255 is 
about 50 to 100 % of the regular waU thickness of the casing 3075. In this 
manner, the lower end 3250 of the casing 3075 may be ^aaOy expanded and 
deformed. Furthermore, in this manner, an other section of casing may be 
easily joined with the lower end 3250 of the casing 3075 using a radial 
10 expansion process. In a preferred anbodimait» the upper cod of the other 
section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section of the upper end of the other casing into 
the thin waUed section 3255 of the lower aid 3250 of the casing 3075 results in 
a wellbore casing having a substantially constant inside diameter. 
15 The upper annular sealing membar 3245 may be fabricated from any 

number of conventional commercially available sealing materials such as, for 
example, epoxy, rubber, metal or plastia In a preferred embodiment, the upper 
annular sealing member 3245 is fabricated from Stratalock epoxy in order to 
optimally provide compressibility and resistance to wear. The outside diameter 
20 of the upper annular sealing member 3245 preferably ranges from about 70 to 
95 % of the inside diameter of the lower section of the existing wellbore casing 
that the casing 3075 is joined to. In this manner, after radial expansion, the 
upper annular sealmg member 3245 fseferably provides a fhiidic seal and also 
preferably provides sufficient fricttonal force with the inside wall of the 

25 wellbore duringthe radial expansion ofthe easing 3075 to support the casing 
3075. 

The lower annular sealing monber 8260 may be fabricated from any 
number of conventional conornvdaUy available sealing materials such as, for 
example, epoxy, rubber, metal or plastic In a preferred embodiment, the lower 
30 annular sealing member 3260 is fabricated from StrataLock epoxy in order to 
optimaUy provide compressibility and resistance to wear. The outside diametCT 
of the lowCT annular sealing member 3260 preferably ranges from about 70 to 
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95 % of the inside diameter of the lower section of the exiating wellbore casing 
that the casing 3075 is joined to. In this manner, the lower annular sealing 

memlw 3260 preferabty provides a fluidic seal and also preferably provides 
sufficient frictional force with the inside wall of the wellbore during the radial 
5 expansion of the casing 3075 to support the casing 3075. 

During operation, the apparatus 3000 is preferably positioned in a 
weUbore with the upper end 3235 of the casing 3075 positioned in an 
overlapping relationship with the lower end of an existing weUbore casing. In a 
particularly preferred embodiment, the thin wall section 3240 of the casing 
10 3075 is positioned in opposing overlapping relation with the thin waU section 
and outer annular sealing member of the lower end of the existing section of 
weUbore casing. In this manner, the radial expansion of the casing 3075 will 
compress the thin waU sections and annular compressible members of the upper 
end 3235 of the casing 3075 and the lower end of the existing wellbore casing 
15 into intimate contact During the positioning ofthe apparatus 3000 in the 
weUbore, the casing 3000 is preferably supported by the expansion cone 3070. 

After positioning the apparatus 3000, a first fluidic material is then 
pumped into the fluid passage 3080. The first fluidic material may comprise 
any number of conventional commercially available materials such as, for 
20 example, drilling mud. water, epoxy, cement, slag mix or lubricants. In a 
preferred embodiment, the Gist fluidic material comprises a haidenable fluidic 
sealing material such as. for example, cement, epo^y, or slag mix in order to 
optimal^ provide a hardenable outer annular body around the expanded casing 
3075. 

25 Tlwfiratflui'fic material may be pumped into the fluid passage 3080 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gaUona/minute. In a preferred embodiment, the first fluidic 
material is pumped into the fluid passage 3080 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gaUons/minute in order 
30 to optimaUy provide operating effidoicy. 

The first fluidic material punqied into the fluid passage 3080 passes 
through the fluid passages 3085, 3090, 3095, 3100, and 3105 and then outside of 
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the apparatus 3000. The first fluidic material then preferably filla the annular 
region between the oqtaide of the apparatus 3000 and the interior wails of the 
wellbore. 

The plug 3230 is then introduced into the fluid passage 3080. The plug 
5 3230 lodges in the throat passage 3225 and fluididy isolates and blocks ofT the 
fluid passage 3100. In a preferred embodiment^ a couple of volumes of a non* 
hardenable fluidic material are then pumped into the fluid passage 3080 in 
order to remove any hardenable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 
10 A second fluidic material is then pumped into the fluid passage 3080. 

The second fluidic material may comprise any number of conventional 
GommerdaQy available materials such as, for ezanqile, water, drilling gases, 
drilling mud or lubricant. In a preferred embodiment^ the second fluidic 
material comprises a non*hardenable fluidic material such as, for example, 
15 water, drilling mud, drilling gases, or lubricant in order to optimally provide 
pressurization of the pressture chambers 3175 and 3190. 

The second fluidic material may be pumped into the fluid passage 3080 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
20 fluidic Qiaterial is pumped into the fluid passage 3080 at operating pressures 
and flow rates ranging from about 0 to 3,500 psi and 0 to 1^200 gallons/minute 
in order to optimaUy provide operational efficiency. 

The seoond fluidic material pumped into the fluid passage 3080 passes 
through the floid passages 3085, 3090, 3095, 3100 and into the pressure 
25 chambers SlSOofthaslqv 3025, and into the pressure duun^^ 

3190. Continuedpumptngof the seomd fluidic material pressurizes the 
pressure chambers 3130, 3175, and 3190. 

The pressurization of the pressure chambers 3130 causes the hydraulic 
slip members 3140 to expand in the radial direction and grip the interior 
30 surface of the casing 3075. The casing 3075 is then preferably maintained in a 
substantially stationary position. 
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The pressurization of the pressure chambers 3175 and 3190 cause the 
first upper pealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrel 3060, and expansion cone 3070 
to move in an axial direction relative to the casing 3075. In this manner, the 

5 expansion cone 3070 wiU cause the casing 3075 to expand in the radial 
direction, beginning with the lower end 3250 of the casing 3075. 

During the radial expansion process, the casing 3075 is prevented from 
moving in an upward direction by the sUps 3025. A length of the casing 3075 is 
then expanded in the radial direction through the pressurization of the pressure 
10 chambers 3175 and 3190. The length of the casing 3075 that is expanded 
during the expansion process wiU be proportional to the stroke length of the 
first upper sealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, and expansion cone 3070. 

Upon the completion of a stroke, the operating pressure of the second 
15 fluidic material is reduced and the first upper sealing head 3030, first outer 
sealing mandrel 3040, second upper sealing head 3060, second outer sealing 
mandrel 3060. and expansion cone 3070 drop to their rest positions with the 
casing 3075 supported hy the expanaion cone 3070. The reduction in the 
operating pressure of the second fluidic material aiao causes the spring bias 
20 3135 of the sUps 3025 to pull the slip members 3140 away from the inside walls 
of the casing 3075. 

The position of the drillpipe 3075 is preferably a4justed throughout the 
radial expansion process in order to maintain the overlapping relationship 
between the thin walled sections of the lower end of the existing wellbore casing 

25 and the upper end of the casing 3235. In a prrferred embodiment, the stroking 
of the expansion cone 3070 is then repealed, as necessary, until the thin walled 
section 3240 of the upper end 3235 of the casing 3076 is expanded into the thin 
waUed section of the lower end of the existing wellbore casing; In this manner, 
a wellbore casing is fonned including two adjacent sections of casing having a 

30 substantially constant inaide diameter. This process nuy then be repeated for 
the «itirety of the wellbore to provide a wellbore casing thousands of feet in 
length having a substantial^ constant inside diameter. 
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In a preferred embodiment, during the final stroke of the expansion cone 
3070, the slips 3025- are positioned qs close as possible to the thin walled section 
3240 of the upper end 3235 of the casing 3075 in order minimize slippage 
between the casing 3075 and the existing wellbore casing at the end of the 
5 radial expansion process. Alternatively, or in addition, the outside diameter of 
the upper annular sealing member 3245 is selected to ensure suCBdent 
interference fit with the inside diameter of the lower end of the existing casing 
to prevent axial displacement of the casing 3075 during the final stroke. 
Alternatively, or in addition, the outside diameter of the lower «nnn| nr sealing 

10 member 3260 is selected to provide an interference fit with the inside walls of 
the wellbore at an earlier point in the radial expansion process so as to prevent 
further axial displacement of the casing 3075. In thia final alternative, the 
interference fit is preferably selected to permit expansion of the casing 3075 by 
pulling the expansion cone 3070 out of the wellbore, without having to 

15 pressurize the pressure chambers 3175 and 3190. 

During the radial expansion process, the pressurized areas of the 
apparatus 3000 are preferably limited to the fluid passages 3080, 3085, 3090, 
3095, 3100, 3110, 3115, 3120, the pressure chambers 3130 within the slips 
3025, and the pressmre chambers 3175 and 3190. No fluid pressure acts direcUy 

20 on the casing 3075. This permits the use ofoperating pressures higher than the 
easing 3075 could normally withstand. 

Once the casing 3075 haa been oonqiletely expanded off of the expansion 
cone 3070, the remaining portions of the apparatus 3000 are removed firom the 
wellbore. In a prrferred onbodim^t^ the contact pressure betweoi the 

25 deifonnedthin waU sections and compressible annular menibera of the lowe^ 
end of the existing casing and the upper end 3235 of the casing 3076 ranges 
firom about 400 to 10,000 psi in order to optimally support the casing 3075 
using the existing wellbore casing. 

In this manner, tiie casing 3075 is radially expanded into contact with an 

30 existing section of casing by pressurizing the interior fluid passages 3080, 3085, 
3090, 3095, 3100, 31ld, 3115, and 312Q, the pressure chambers 3130 of the slips 
3025 and the pressure chambers 3175 and 3190 of the apparatus 3000. 
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In a preferred embodiment, as required, the annular body of hardenable 
fluidic material is then allowed to cure to form a rigid outer annular body about 
the expanded casing 3075. In the case where the casing 3075 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
5 3075. The resulting new section of wellbore casing includes the expanded 
casing 3075 and the rigid outer anntdar body. The overlapping joint between 
the pre-existing wellbore casing and the expanded casing 3075 includes the 
deformed thin wall sections and the compressible outer annular bodies. The 
inner diameter of the resulting combined wellbore casings is substantially 

10 constant In this manner, a mono-diameter wellbore casing is formed. This 
process of expanding overlapping tubular members having thin wall end 
portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing 
can be provided for thousands of feet in a subtoranean formation. 

15 In a preferred embodiment, as the expansion cone 3070 nears the upper 

end 3235 of the casing 3075, the operating flow rate of the second fluidic 
material is reduced in order to minimize shock to the apparatus 3000. In an 
alternative embodiment, the apparatus 3000 includes a shock absorber for 
absorbing the shock created by the completion of the radial expansion of the 

20 casing 3075. 

In a Inferred embodiment, the reduced operating pressure of the second 
fluidic matoial ranges from about 100 to 1,000 psi as the expansion cone 3070 
nears the end of the casing 3075 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 3070, In a preferred embodiment, 

25 the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 3000 to the range of about 0 to 500 pei in order 
minimize the resistance to the movement of the expansion cone 3070 during the 
return stroke. In a preferred embodimmt, the stroke length of the apparatus 
3000 ranges from about 10 to 45 feet in order to optimaUiy provide equipment 

30 that can be easily handled by typical oil well rigging equipmoit and also 
minimize the frequency at which the apparatus 3000 must be re-stroked. 
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In an alternative embodiment, at least a portion of one or both of the 
upper sealing heads, 3030 and 3050, includes an expansion cone for radially 
expanding the casing 3075 during operation of the appiaratus 3000 in order to 
increase the surface area of the casing 3075 acted upon during the radial 
5 expansion process. In this manner, the operating pressures can be reduced. 

Alternatively, the apparatus 3000 may be used to join a first section of 
pipeline to an existing section of pipeline. Altemaiavety. the apparatus 3000 
may be used to directly line the interior of a wellbor« with a casing, without the 
use of an outer annular layer of a hardeaable material. Alternatively, the 

10 apparatus 3000 may be used to expand a tubular si^port member in a hole. 

Reforing now to Figure 21, an q>paratua 3830 for isolating subtemnean 
zones will be described. A wellbore 3305 induding a casing 3310 are positioned 
in a subterranean formation 3315. The subterranean fonnation 3315 incfaides a 
number of productive and non-productive zones, including a water zone 3320 
15 and a targeted oa sand zone 3325. During exploration of the subterranean 
formation 3315, the weUbore 3305 may be extended in a weU known manner to 
traverse the various productive and non-productive zones, induding the wat« 
zone 3320 and the targeted oil sand zone 3325. 

In a preferred embodimait, in order to fluididy isolate the water zone 
20 3320 from the targeted oil sand zone 3325, an apparatiia 3330 is provided that 
indudes one or more sections of soUd casing 3335, one or more external seals 
3340, one or more sections of slotted casing 3345, one or mote intermediate 
sections of solid casing 3350, and a solid shoe 3356. 

The soUd easing S3S5 may provide a fluid conduit that transmits fluids 
25 and other materials from one end of the solid casing 3335 to the other end of 
the solid casing 3335. The solid casing 3335 m^y comprise any number of 
conventional commercially available sections of solid tubular casing such as, for 
sample, oilfield tnbulais ftabricated firom dixomium steel or fiber^asa. In a 
preferred embodiment, the solid cashig 3335 comprises oilfield tubulars 
30 available firom various foreign and domestic steel miiia 

The solid casing 3335 is preferably coupled to the casing 3310. The solid 
casing 3335 may be coupled to the casing 3310 using any number of 

-218- 

SUBSTITUTE SHEET (RULE 26) 



wo 00A77431 



PCT/ILOO/00245 



conventional commercially available processes such as, for example, welding, 
slotted and expandable connectors, or expandable solid connectors. In a 
preferred embodiment, the solid casing 3335 is coupled to the casing 3310 by 
using expandable solid connectors. The solid casing 3335 may comprise a 
5 plurality of such solid casings 3d3S« 

The solid casing 3335 is preferably coupled to one more of the slotted 
casings 3345. The solid casing 3335 may be coupled to the slotted casing 3345 
using any number of conventional commercially available processes such as, for 
example, welding, or slotted and expandable connectors. In a preferred 
10 embodiment, the solid casing 3335 is coupled to the slotted casing 3345 by 
expandable solid connectors. 

In a preferred embodiment, the casing 3335 includes one more valve 
members 3360 for controlling the flow of fluids and other msif^>|p within the 
interior r^on of the casing 3335. In an alternative embodiment^ during the 
15 production mode of operation, an internal tubular string with various 

arrangements of packers, perforated tubing, sUding sleeves, and valves may be 
employed within the apparatus to provide various options for commingling and 
isolating subterranean zones from each other while providing a fluid path to the 
surface. 

20 In a particularly preferred embodiment, the casing 3335 is placed into 

the wellbore 3305 by expanding the casing 3335 in tiie radial direction into 
intimate contact with the interior walls of the wellbore 3305. The casing 3335 
may be expanded in the radial direction using any number of conventional 
commercially available methods. In a preferred embodiment, the casing 3335 is 

25 expanded in the radial direction using one or more of the processes and 
apparatus described within the presoit disdosure. 

The seals 3340 prevrat the passage of fluids and other wmtgri ft iy i within 
the annular region 3365 between the solid casings 3335 and 3350 and the 
wellbore 3305. The seals 3340 may comprise any number of conventional 
30 commercially available sealing materials suitable for sealing a casing in a 
wellbore sudi as, for example, lead, rubbo* or epoj^. In a preferred 
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embodiment, the seals 3340 comprise Stratalok epoxy material available from 
Hallibm'ton Energy Services. 

The slotted casing 3345 permits fluids and other materials to pass into 
and out of the interior of the slotted casing 3345 from and to the annular regioi 
5 3365. In this manner, oil and gas may be produced bxxm a producing 
subterranean zone within a aubtaranean formation. The slotted casing 3345 
may comprise any number of conventional commerdaliy available sections of 
slotted tubular casing. In a preferred embodiment, the slotted casing 3345 
comprises expandable slotted tubular casing available bom Petroline io 
10 Abeerdeen, Scotland. In a particularly preferred embodiment, the slotted 
casing 145 comprises expandable slotted sandscreen tubular casing available 
from Petroline in Abeerdeen, Scotland. 

The slotted casing 3345 is preferably coupled to one or more soUd casing 
3335. The slotted casing 3345 may be coupled to the solid casing 3335 using 
15 any number of conventional commercially available processes such as, for 
example, welding, or slotted or solid expandable connectors. In a preferred 
embodiment, the slotted casing 3345 is coupled to the solid casing 3335 by 
expandable solid connectors. 

The slotted casing 3345 is preferably coupled to one or more 
20 intermediate solid casings 3350. The slotted casing 3345 may be coupled to the 
intermediate solid casing 3350 using any number of conventional commercially 
available processes audi as, for example, welding or expandable solid or slotted 
connectors* In a preferred embodiment, the slotted casing 3345 is coupled to 
the intermediate solid casing 3350 by expandable solid connectors. 
25 The last section of slotted casing 3345 is preferably coupled to the shoe 

3355. The last slotted casing 3345 may be coupled to tJie shoe 3355 using any 
number of conventional conunerdally available processes such as, for example, 
welding or expandable solid or slotted connectors. In a prefmed embodiment, 
the last slotted casing 3345 is coupled to the shoe 3355 by an expandable solid 
30 connector. 

In an alt^iative embodiment, tiie shoe 3355 is coupled directly to the 
last one of the intermediate solid casings 3350. 

- 220 - 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



In a preferred embodiment^ the slotted casings 3345 are positioned 
within the wellbore 3305 by^e^cganding the slotted casings 3345 in a radial 
direction into intimate contact with the interior walls of the wellbore 3305. The 
slotted casings 3345 may be expanded in a radial direction using any number of 
5 conventional commercially available processes. In a preferred embodiment, the 
slotted casings 3345 are expanded in the radial direction using one or more of 
the process^ and ^paratus disclosed in the present disclosure with reference 
to Figures 14a-20. 

The intermediate solid casing 3350 permits fluids and other materials to 
10 pass between adjacent slotted casings 3345. The intermediate solid casing 3350 
may comprise any number of conventional conun^xially available sections of 
solid tubular casing such as, for example, oilfield tubulars fabricated from 
chromium steel or fiber^ass. In a preferred embodiment, the intermediate 
solid casing 3350 comprises oilfield tubulars available from foreign and 
15 domestic steel mills. 

The intermediate solid casing 3350 is preferably coupled to one or more 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 
coupled to the slotted casing 3345 using any nimaber of conventional 
commercially avaflable processes such as, for example, welding, or solid or 
20 slotted expandable connectors. In a preferred embodiment, the intermediate 
solid casing 3350 is coupled to the slotted casing 3345 by expandable solid 
connectors. The intermediate solid casing 3350 may comprise a plurality of 
such intCTiediate solid casing 3350. 

In a preferred embodiment, each int^inediate solid casing 3350 includes 
25 one more valve members 3370 for controlling the flow of fluids and other 
materials within the interior region of the intermediate casing 3350. In an 
alternative ^nbodiment, as will be recognized by persons having ordinary akili 
in the art and the benefit of the present disclosure, dtnr ing the production mode 
of operation, an internal tubular string with various arrangements of packers, 
30 perforated tubing, sliding sleeves, and valves may be employed within the 
apparatus to provide various options for coouningling and isolating 
subterranean zones from each other while providing a fluid path to the surface. 
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In a particularly preferred embodiment, the intermediate casing 3350 is 
placed into the wellbpre 3305 by expanding the intermediate casing 3350 in the 
radial direction into intimate contact with the interior walls of the wellbore 
3305. The intermediate casing 3350 may be expanded in the radial direction 
5 using any number of conventional commercially available methods. 

In an alternative embodimmt^ one or more of the intermediate solid 
casings 3350 may be omitted. In an alternative preferred embodiment, one or 
more of the slotted casings 3345 are provided with one or more seals 3S40. 
The shoe 3355 provides a support member for the i^paratus 3330. In 
10 this manner, various production and exploration tools may be supported by the 
show 3350. The shoe 3350 may comprise any number of oonventionai 
commerdaUy available shoes suitable for use in a wellbore such as, for example, 
cement filled shoe, or an aluminum or composite shoe. Inapreferred 
embodiment, the shoe 3350 comprises an almninum shoe available from 
15 Halliburton. In a preferred embodiment, the shoe 3355 is selected to provide 
sufBdent strength in compression and tension to permit the use of high 
capacity production and exploration tools. 

In a particularly preferred embodiment, the ^paratua 3330 includes a 
plurality of solid casings 3335, a plurality of seals 3340, a plurality of slotted 
20 casings 3345, a plurality of intermediate solid casings 3350, and a shoe 3355. 
More generaUy, the apparatus 3330 may comprise one or more solid casings 
3335, each with one or more vaWe members 3360, n slotted casings 3345, n*l 
intermediate solid casingB 3350, eadi with one or more valve members 3370, 
and a shoe 3355. 

25 During operation of the apparatus 3330, oil and gas may be controUably 

produced from the targeted oil sand zone 3325 using the slotted casings 3345. 
The oil and gas may then be transported to a surface location using the solid 
casing 3335. The use of intermediate solid casings 3350 with valve membera 
3370 permits isolated sections of the zone 3325 to be selectively isolated for 

30 production. The seals 3340 permit the zone 3325 to be fluididy isolated from 
the zone 3320. This seals 3340 further permits isolated sections of the zone 
3325 to be fluidicfy isolated from each otho*. In this manner, the apparatus 
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3330 permits unwanted and/or non-productive subterranean zones to be 
fluididy isoUited. 

In an alternative embodiment, aa wiU be recognized by persons having 
ordinary skiU in the art and also having the benefit of the present^dosure, 
5 during the production mode of operation, an internal tubular string with 
various arrangements of packers, perforated tubing, sliding sleeves, and valves 
may be employed within the apparatus to provide various options for 
commingling and isolating subterranean zones from each other while providing 
a fluid path to the surface. 

10 Referring to Figures 22a, 22b, 22c and 22d, an embodiment of an 

apparatus 3500 for forming a wellbore casing while drilling a wellbore will now 
be described. In a preferred embodiment, the apparatus 3500 indudes a 
support member 3506, a mandrel 3510, a mandrel launcher 3515, a shoe 3520, a 
tubular member 3525, a mud motor 3530, a driU bit 3535, a first fluid passage 

15 3540, a second fluid passage 3545, a pressure chamber 3550, a third fluid 
passage 3555. a cup seal 3560, a body of lubricant 3565, seals 3570, and a 
reieasable coupling 3600. 

The support member 3505 is coupled to the mandrd 3510. The support 
member 3505 preferably comprises an annular member having suffident 
20 strength to carry and support the apparatus 3500 within the wellbore 3575. In 
a preferred embodiment, the support member 3505 further indudes one or 
more conventional ceatralizers (not illustrated) to hdp stabilize the apparatus 
3500. 

The suf^rt member 3505 may comprise one or more sections of 
25 conventional commercially available tubular materials such as, for example, 
oilfidd country tubular goods, low aUoy steel, stainless sted or carbon sted. In 
a preferred embodiment, the support member 3606 comprises coUed tubing or 
driUpipe in order to optimally permit the placement of the apparatus 3500 
within a non-voiical wellbore. 
30 In a preferred anbodiment, the support member 3505 indudea a first 

fluid passage 3540 for conveying fluidxc matoials from a sur&ca location to the 
fluid passage 3645. In a preferred embodunent, the first fluid passage 3540 is 
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adapted to convey fluidic materials such as water, drilling mud, cement, epoxy 
or slag mix at operating pressures and flow rates ranging from about 0 to 
10,000 psi and 0 to 3,000 gallona/minute. 

The mandrel 3510 is coupled to and supported by the support member 
5 3505. The mandrel 3510 is also coupled to and supports the mandrel laundier 
3515 and tubular member 3525. The mandrel 3510 is preferably adt^ted to 
controllabiy expand in a radial direction. The mandrel 3510 m^ comprise any 
number of conventional commercially available mandrela modified in 
accordance with the teachings of the i«esait(fisdo8ure. In a preferred 
10 embodiment, the mandrel 3510 conqxrises a l^draulic expansion tool as 

disclosed in U.S. Patent No. 5,348,095, the contents of whidi are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

In a prefened embodimoit, the mandrel 3510 includes one or more 
15 conical sections for expanding the tubular member 3525 in the radial direction. 
In a preferred embodiment, the outer surfaces of the conical sections of the 
mandrel 3510 have a surface hardness ranging from about 58 to 62 RockweU C 
in order to optimally radially expand the tubular member 3525. 

In a preferred embodiment, the mandrel 3510 includes a second fluid 
20 passage 3645 fluididy coupled to the first fluid passage 3640 and the pressure 
chamber 3550 for conveying fluidic matoials from the first fluid passage 3540 
to the pressure chamber 3550. In a preferred embodiment, the second fluid 
passage 3545 is adapted to convey fluidic matpriwls sudi aa water, drilling mud, 
cement, qmqr or slog nxiz at operating pressuzea and flow rates ranging from 
25 about 0 to 12,000 pa and 0 to 3,500 gallonsAninute in order to optimally 
provide operating pressure for effidoit operation. 

The mandrel latmcher 3515 is coupled to the tubular member 3525, the 
mandrel 3510, and the shoe 3520. The mandrel launcher 3515 prdoably 
conqiriseB a tapo^ annular mmber that mates with at a portion of at least 

30 one of the conical portions of the outer surface of the mandrel 3510. In a 
preferred embodimeni, the vraU thickness of the mandrel launcher is less than 
the waU thickness of the tubular member 3525 in order to facilitate the 
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initiation of the radial expansion process and facilitate the placement of the 
apparatus in openings having tight dearances. In a preferred embodiment, the 
wall thickness of the mandrel launcher 3616 ranges from about 50 to 100 % of 
the wall thickness of the tubular member 3525 immediately adjacent to the 
5 mandrel launcher 3515 in order to optimally fadliate the radial expansion 
process and facilitate the insertion of the apparatus 3500 into wellbore casings 
and other areas with tight clearances. 

The mandrel launcher 3515 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
10 country tubular goods, low alloy steel, carbon steel or stainless steel. In a 
preferred embodiment, the mandrel laimcher 3615 is fabricated from oilfield 
country tubular goods of hi^er strength by lower wall thickness than the 
tubular member 3525 in order to optimally provide a smaller container having 
approximately the same burst strength as the tubular member 3525. 
15 The shoe 3520 is coupled to the mandrel launcher 3515 and the 

releasable coupling 3600. The shoe 3520 preferably comprises a substantiaUy 
annular member. In a preferred embodiment, the shoe 3520 or the releasable 
coupling 3600 include a third fluid passage 3555 fluidic^ coupled to the 
pressure chamber 3550 and the mud motor 3530. 
20 The shoe 3520 may comprise any number of conventional commercially 

available shoes such as, for example, cement filled, aluminum or composite 
modified in accordance vnth the teadiinga of the present disclosure. Ina 
preferred embodiment, the shoe 3520 comprises a high strength shoe havinga 
burst strmgth approximately equal to the burst strength of the tubular 
25 memb9 3525 and mandrel launch^ 3515. The shoe 35^ is preferably coupled 
to the mud motor 35^ by a releasable coupling 3600 in ord^ to optimally 
provide for removal of the mud motor 3530 and drill nit 3535 upon the 
completion of a drilling and casing operation. 

In a preferred onbodiment, the shoe 3520 indudn a releasable latch 
30 medianism 3600 for retrieving and rmoving the mud motor 3530 and drill bit 
3535 upon the completion of the drilling and casing formation operations. In a 
preferred embodiment, the shoe 3520 further includes an anti-rotation device 

-225- 

SUBSTITUTE SHEET (RULE 26) 



WO00/T7431 



PCT/ILOO/00245 



for maintaining the shoe 3520 in a substantially stationary rotational position 
during operation of tlie apparatus 3500. In a preferred embodiment, the 
releasable latch medianism 3600 is releasably coupled to the shoe 3520. 

The tubular member 3525 is supported by and coupled to the mandrel 
5 3510. The tubular member 3525 is expanded in the radial direction and 
extruded o£F of the mandrel 3510. The tubular member 3525 may be fabricated 
from any number of conventional commercially available materials such as, for 
example. Oilfield Country Tubular Goods (OCTG), 13 chromium steel 
tubin^casing, automotive grade steel, or plastic tubing/casing* In a preferred 

10 embodiment, the tubular member 3525 is fabricated from OCTG in order to 
maximize strength after expansion. The inner and outer diameters of the 
tubular member 3525 may range, for example, from approximately 0.75 to 47 
inches and 1.05 to 48 inches, respectivdy. In a preferred embodiment, the 
inner and outer diameters of the tubular member 3525 range from about 3 to 

15 15.5 inches and 3.5 to 16 inches, respectively in order to optimally provide 
minimal telescoping effect in the most commonly drilled wellbore sizes. The 
tubular member 3525 preferab^ comprisea an ontnifur member iwith solid 
walls. 

In a prtfenred caoibodiment, the upper end portion 3580 of the tubular 
20 member 3525 is slotted, perf<mted, or othmrise modified to catch or slow dov^ 
the mandrel 3510 vrhen the mandrel 3510 completes the extrusion of tubular 
member 3525. For typicaltubular member 3525 materiala, the length of the 
tubular member 3525 is preferably limited to between about 40 to 20,000 feet in 
length. The tubular member 3525 may comprise a single tubular inember or, 
25 alternatively, a plurality of tubular members coupled to one another. 

The mud motor 3530 is coupled to the shoe 3520 and the drill bit 3535. 
The mud motor 3530 is also fluidic^ coupled to the fluid passage 3555. In a 
prrfOTed embodiment, the mud motor 3530 is driven by fluidic TP»*g"fti« such 
as, for example, drilling mud, water, cement, epoay, lubricants or slag mix 
30 conveyed from the fluid passage 3555 to the mud motor 3530. In this manner, 
the mud motor 3530 drives the drill bit 3535. The operating pressures and flow 
rates for operating mud motor 3530 nuQf range, for example, fit)m about 0 to 
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12,000 psi and 0 to 10,000 gallona/minute. In a preferred embodiment, the 
operating pressures and flow rates for operating mud motor 3530 range from 
about 0 to 5,000 psi and 40 to 3,000 gallons/minute. 

The mud motor 3530 may comprise any number of conventional 
5 commercially available mud motors, modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment^ the size of the mud motor 
3520 and drill bit 3535 are selected to pass through the interior of the shoe 
3520 and the expanded tubular member 3525. In this mann», the mud motor 
3520 and drill bit 3535 may be retrieved from the downhole location upon the 
10 conclusion of the drilling and casing operations. 

The drill bit 3536 is coupled to the mud motor 3530, The drill bit 3535 is 
prefimbly adapted to be powered by the mud motor 3530. In this manner, the 
drill bit 3535 drills out new sections of the weUbore 3575. 

The drill bit 3535 may comprise any number of conventional 
15 commercially available drill bits, modified in accordance with the teachings of 
the present disclosure. In a prefmed embodiment, the size of the mud motor 
3620 and drill bit 3535 are selected to pass through the interior of the shoe 
3520 and the expanded tubular member 3525. In this manner, the mud motor 
3520 and drill bit 3535 may be retrieved fi^m the downhole location upon the 
20 conclusion of the driUing and casing operations. In several alternative 

preferred embodiments, the drill bit 3535 comprises an eccentric drill bit, a bi- 
centered drill bit, or a small diameter drill bit with an lq^ulica% actuated 
under reamer. 

The first fluid passage 3540 permits fluidic matCTials to be transported to 
26 the second fluid passage 3545, the pressure diamber 3550, the third fluid 
passage 3555, and the mud motor 3580. The first fluid passage 3540 is coupled 
to and positioned within the support member 3505. Thefirstfluid passage 
S540 preferably extends from a positioh adjacent to the surface to the second 

fluid passage 3545 within the mandrel 3510. The first fluid passage 3540 is 
30 pnterably positioned along a oenterline of the apparatus 3500. 

The second flui'd passage 3545 permits fluidic materials to be conveyed 
from the first fluid passage 3540 to the pressure chamber 3550, the third fluid 
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passage 3555, and the mud motor 3530. The second fluid passage 3546 is 
coupled to and positioned within the mandrel 3510. The second fluid passage 
3545 preferably extends from a position adjacent to the first fluid passage 3540 
to the bottom of the mandrel 3510. The second fluid passage 3545 is preferably 
5 positioned anbatan t iaUy along the centerline of the apparatus 3500. 

The pressure chamber 3650 permits fluidic materials to be conveyed 
from the second fluid passage 3546 to the third fluid passage 3565, and the mud 
motor 3530. The preaaure chamber is preferabfy defined by the region below 
the mandrel 3510 and within the tubular member 3525, mandrel launcher 
10 3515, shoe 3520, and releaaable coupling 3600. During operation of the 

apparatus 3500, presaurization of the pressure chamber 3550 preferably causes 
the tubular member 3526 to be extruded off of the mandrel 3510. 

The third fluid passage 3565 permits fluidic materials to be conveyed 
from the pressure chamber 3550 to the mud motor 3530. The third fluid 
15 passage 3555 may be coupled to and positioned within the shoe 3620 or 

releasable coupling 3600. The third fluid passage 3556 preferably extends from 
a position adjacent to the pressure chamber 3650 to the bottom of the shoe 3620 
or releasable coupling 3600. The third fluid passage 3565 is preferably 
positioned substantially along the centerline of the apparatus 3600. 
20 The fluid passages 3540, 3645, and 3565 ai« pneferably selected to convey 

materials such aa cement, drilling mud or epoxies at flow rates and presaurea 
ranging from about O to 3,000 gaUona/minute and 0 to 9,000 psi in order to 
optimally operational ^dflugr. 

The cup seal 3560 is coupled to and supported hy the outer surface of the 
25 support member 3605. The cup seal 3560 prevents foreign materials from 
entering the interior region of the tubular member 3525. The cup seal 3560 
may comprise any number of conv^tional commereialfy available cup seals 
such as, for example, TP cupa or SIP cups modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 
30 3560 comprises a SIP cup, available from HaUiburton Energy Services in DaUas, 
TX in order to optimally block the entry of foreign materials and contain a body 
of lubricant In a preferred embodiment, the apparatua 3500 includes a 
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plurality of such cup seals in order to optimaUy prevent the entry of foreign 
material into the intoiqr region of the tubular member 3525 in the vidniiy of 
the mandrel S510. 

In a preferred embodiment, a quantity of lubricant 3565 is provided in 
5 the annular region above the mandrel 3510 within the interior of the tubular 
member 3525. In this manner, the extrusion of the tubular member 3525 off of 
the mandrel 3510 is facilitated. The lubricant 3565 may comprise any number 
of conventional commerdaUy available lubricants such as, for example; 
Lubriplate, chlorine based lubricants, oU based lubricants or Climax 1500 
10 Antisieze (3100). In a preferred embodiment, the lubricant 3565 comprises 
Climax 1500 Antisieze (3100) avaUable from Climax Lubricants and Equipment 
Co. in Houston, TX in order to optimally provide optimum lubrication to 
faciliate the expansion process. 

The seals 3570 are coupled to and supported by the end portion 3580 of 
15 the tubular member 3525. The seals 3570 are fiirther positioned on an outer 
surface of the end portion 3580 of the tubular member 3525. The seals 3570 
permit the overlapping joint between the lower end portion 3585 of a 
preexisting section of casing 3590 and the end portion 3580 of the tubular 
member 3525 to be fluididy sealed. The seals 3570 may comprise any number 
20 of conventional commercially available seals such as, for example, lead, rubber. 
Tenon, or epoxy seals modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the seals 3570 are molded from 
Stratalock epoxy available from Halliburton Energy Services in Dallas. TX in 
order to optimally provide a load bearing interference fit between the end 3580 
25 of the tubular member 3625 and tiie end 3585 of the pre^ting casing 3590. 
In a preferred embodiment, the seals 3570 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 
3525 from the prensisting casing 3590. In a preferred embodiment, the 
frictional force optimal^ provided hy the seals 3570 ranges from about 1,000 to 
30 1,000,000 Ibf in order to optimaUy support the expanded tubular member 3525. 
The reieasable Coupling 3600 is preferably releasably coupled to the 
bottom of the shoe 3520. In a prefored embodiment, the reieasable coupling 

-229- 

SUBSTITUTE SHEET (RULE 26) 



wo 0«/77431 



PCT/IL00/0O24S 



3600 includes fluidic seals for sealing the interface between the releasable 
coupling 3600 and the shoe 3620, In this manner, the pressure chamber 3550 
may be pressurized. The releasable coupling 3600 may comprise any number of 
conventional commerdaUy available releasable couplings suitable for drilling 
5 operations modified in accordance with the teachings of the present disdosure. 
As iUustrated in Figure 22A, during operation of the apparatus 3500. the 
apparatus 3500 is preferabbr initially positioned within a preexisting section of 
a wellbore 3575 including a preeziating section of wellbore casing 3590. In a 
preferred onbodiment. the upper end portion 3580 of the tubular member 3525 
10 is positioned in an overlapping relationship with the lower end 3685 of the 
preexisting section of casing 3590. In a preferred embodiment, the apparatus 
3600 is initially positioned in the weUbore 3575 with the drill bit 353 in contact 
with the bottom of the weUbore 3575. During the initial placement of the 
apparatus 3500 in the wellbore 3675, the tubular member 3525 is preferab^ 
15 supported by the mandrel 3510. 

As iUusti^ted in Figure 22B, a fluidic material 3595 is then pumped into 
the first fluid passage 3540. The fluidic material 3595 is preferably conveyed 
from the first fluid passage 3540 to tiie second fluid passage 3645. the pressure 
chamber 3550, the third fluid passage 3655 and the inlet to the mud motor 
20 3530. The fluidic material 3695 may comprise any number of conventional 
commercially available fluidic materials such as, for example, driUing mud, 
water, cement, epo^ or alag mix. The fluidic material 3595 m^y be pumped 

into the first fluid passage 3540 at operating preaBurw and flow rates ranging, 
for example, firom about 0 to 9,000 pai and 0 to 3,000 gaUona/minute. 

25 The fluidic material 3695 will entar the inlet for the mud motor 3530 and 

drive the mud motor 3530. The fluidic material 3595 wifl then exit the mud 
motor 3530 and enter the annular r^on surrounding the apparatus 3500 
within the weUbore 3575. The mud motor 3530 wiU in turn drive the driU bit 
3635. The operation of the drill bit 3535 will drill out a new section of the 

30 weUbore 3575. 

In the case where the fluidic material 3595 coinprises a hardenable 
fluidic material, the fluidic material 3695 prefmbly is permitted to cure and 
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form an outer annular body surroimding the periphery of the expanded tubular 
member 3525. Alternatively, in the case where the fluidic material 3595 is a 
non-hardenable fluidic material, the tubular member 3595 preferably is 
expanded into intimate contact with the interior walls of the weilbore 3575. In 
5 this manner, an outer annular body is not provided in all applications. 

As illustrated in Figure 22C, at some point during operation of the mud 
motor 3530 and drill bit 3535, the pressure drop across the mud motor 3530 
will create sufficient back pressure to cause the operating pressure within the 
pressure chamber 3550 to elevate to the pressure necessaxy to exirude the 

10 tubular member 3525 off of the mandrel 3510. The elevation of the operating 
pressure within the pressure chamber 3550 will then cause the tubular member 
3525 to extrude off of the mandrel 3510 as illustrated in Figure 22D. For 
typical tubular members 3525, the necessary operating pressure may range, for 
exanqile, from about 1,000 to 9,000 psi. In this mannar, a weilbore casing is 

15 formed simultaneous with the drilling out of a new section of weilbore. 

In a particularly prefOTed embodiment, during the operation of the 
apparatus 3500, the apparatus 3500 is lowered into the weilbore 3575 imtil the 
drill bit 3535 is proximate the bottom of the weilbore 8575. Throughout this 
process, the tubular member 3525 is preferably supported by the mandrel 3510. 

20 The apparatus 3500 is then lowered until the drill bit 3535 is placed in contact 
with the bottom of the weilbore 3575. At this point, at least a portion of the 
weight of the tubiilar member 3525 is supported by the drill bit 3535. 

The fluidic material 3595 is then pumped into the first fluid passage 
3540, second fluid passage 3545, pressure chamber 3550, third fluid passage 

25 3555, and the inlet of the mud motor 3530. The mud motor 3530 ihen drives 
the drill bit 3535 to drill out a new section of the weilbore 3575. Once the 
differential pressure across the mud motor 3530 exceeds the minimum 
extrusion presstire for the tubular member 3525, Uie tubular member 3525 
begins to extrude off of the mandrel 3510. As the tubular meoobat 3525 is 

30 extruded off of the mandrel 3510, the weight of the extruded portion of the 
tubular member 3525 is transferred to and supported by the drill bit 3535. In a 
preferred embodiment, the pumping pressure of the fluidic material 3595 is 
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maintained substantiaUy constant throughout this process. At some point 
during the process of extruding the tubular membw 3625 off of the mandrel 
3510, a sufficient portion of the wei^^t of the tubular member 3525 ia 
transferred to the driU bit 3535 to stop the extrusion pnwess due to the 
5 opposing force. Continued drilling by the driU bit 3535 eventually transfers a 
sufficient portion of the weight of the extruded portion of the tubular member 
3525 back to the mandrel 3510. At this pointy the extrusion of the tubular 
member 3525 off of the mandrel 3510 continues. In thia manner, the support 
member 3505 nenr has to be moved and no drillpipe connections have to be 
10 made at the surfiEtte since the new section of the wdlbore casing within the 
newly drilled section of wellbore is created by the constant downward feeding of 
the expanded tubular member 3525 off of the mandrel 3510. 

Once the new section of wdlbore that is lined with the fuUy expanded 
tubular member 3525 is completed, the support member 3505 and mandrel 
15 3510 are removed from the wellbore 3575. The drilling assembly indudktg the 
mud motor 3530 and drill bit 3535 are then preferably removed by lowering a 
drillstring into the new section of wellbore casing and retrieving the drilling 
assembly by using the latch 3600. The oqianded tubular member 3525 is then 
cemented using conventional squeeze cementing methods to provide a solid 
20 annular sealing member around the peripheiy of the expanded tubular member 
3525. 

Altemativ^jr, the apparatus 3500 m^y be used to rq>air or form an 
underground {npdine or form a support member for a structure. In several 
preferred attemative endMjdimeiita, the t^-^^g^ of the i^yparatus 3500 are 

25 combined with the teadiingB of the onbodiments illustrated in Figures 1-21. 
For exan4>le, fay optanUfy oaufUng ih» mud motor 3530 and drill bit 3535 to the 
pressure chambers used to cause the radial expansion of the tubular members 
of the embodimoita illustrated and desaibed with reference to Figures 1-21. 
the use of plugs may be eliminated and radial expansion of tubular members 

30 can be combined with the drilling out of new sections of weUbore. 

Referring now to FIGS. 23A, 23B and 23C, an apparatus 3700 for 
expanding a tubular member will be described. In a prderred embodiment, the 
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apparatus 3700 includes a support member 3705, a packer 3710, a first fluid 
conduit 3715, an annular fluid passage 3720, fluid inlets 3725, an annular seal 
3730, a second fluid conduit 3735, a fluid passage 3740, a mandrel 3745, a 
mandrel launcher 3750, a tubular member 3755, slips 3760, and seals 3765. In 
5 a preferred embodiment, the apparatus 3700 is used to radially expand the 
tubular member 3755. In this manner, the apparatus 3700 may be used to form 
a weUbore casing, line a wellbore casing, form a pipeline, line a pipeline, form a 
structural support member, or repair a wellbore casing, pipeline or structural 
support member. In a preferred embodiment, the apparatus 3700 is used to 
10 clad at least a portion of the tubular member 3755 onto a preexisting tubular 
member. 

The support member 3705 is preferably coupled to the packer 3710 and 
the mandrel launcher 3760. The support member 3705 preferably comprises a 
tubular member fabricated from any number of conventional commercially 
15 available materials such as, for example, oilfidd countiy tubular goods, low 
aUoy steel, carbon steel, or stainless steel. The support member 3705 is 
preferably sdected to fit throu^ a preexisting section of wellbore casing 3770. 
In this manner, the apparatus 3700 m^ be positioned within the weUbore 
casing 3770. In a preferred embodiment, the support member 3705 is 
20 releasably coupled to the mandrel launcher 3760. In this manner, the support 
member 3706 may be decoupled from the mandrel launcher 3750 upon the 
completion of an extrusion operation. 

The packer 3710 ia coupled to the support member 3705 and the first 
fluid conduit 3715. The packer 3710 preferably provides a fluid seal between 
25 the outside surface of the first fluid conduit 3716 and the inside surface of the 
support member 3706. In this manner, the patka 3710 preferebly seab off 
and. in combination with the support member 3705, first fluid conduit 3715, 
second fluid conduit 3735, and mandrel 3745, defines an annular chamber 3775. 
The packer 3710 may comprise any number of conventional oommerdally 
30 available packvs modified in accordance with the teaching of the present 
disclosure. 
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The first fluid conduit 3715 is coupled to the packer 3710 and the 
annular seal 3730. The first fliud conduit 3715 preferably comprises an annular 
member fabricated firom any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
5 caibon steel, or stainless steeL In a preferred embodiment, the first fluid 
conduit 3715 includes one or more fluid inlets 3725 for conveying fluidic 
materials from the annular fluid passage 3720 into the chamber 3775. 

The annular fluid passage 3720 is defined by and positioned between the 
interior surface of the first fluid conduit 3715 and the interior surface of the 
10 second fluid conduit 3735. The annular fluid passage 3720 is preferabfy 
ad^ted to convey fluidic materials such as cement, water, epoxy, lubricants, 
and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallona/minute in order to optimally provide 
operational efficiency. 
15 The fluid inlets 3725 are positioned in an end portion of the first fluid 

conduit 3715. The fluid inlets 3725 {veferab^ are adapted to convey fluidic 
materials such as cement, wator, epo^r, lubricants, and slag mix at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallona/minute in order to optimal^ provide operational efficiency. 
20 The annular seal 3730 is coupled to the first fluid conduit 3715 and the 

second fluid conduit 3735. The annular seal 3730 preferably provides a fluid 
seal between the interior surface of the first fluid conduit 3715 and the exterior 
surface of the second fluid conduit 3735. The annular seal 3730 preferably 
provides a fluid seal between the intoior surface of the first fluid conduit 3715 
25 and the exterior surfru^e of the second fluid conduit 3735 during relative axial 
motion of the first fluid conduit 3715 and the second fluid conduit 3735. The 
annular seal 3730 may comprise any number of convoitional commercially 
available seals such as, for example, o-rings, po^ypak seals or metal spring 
energized seals. In a preferred embodiment, the annular seal 3730 comprises a 
30 potypak seal available trom Parker Seals in order to optimally provide sealing 
for axial motion. 
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The second fluid conduit 3735 is coupled to the annular seal 3730 and the 
mandrel 3745. The second Duid condiiit pref(a«bly comprises a tubular 
member fabricated from any number of conventional conunerdally available 
materials such as, for example, coiled tubing, oilfield country tubular goods, low 
5 alloy steel, stainless steel, or low carbon steeL In a preferred embodiment, the 
second fluid conduit 3735 is ads^ted to convey fluidic materials such as cement, 
water, epoxy, lubricants, and slag mix at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimally provide operational efficiency. 
10 The fluid passage 3740 is coupled to the second fluid conduit 3735 and 

the mandrel 3745. In a prefmed embodiment^ the fluid passage 3740 is 
adapted to convey fluidic materials such as cement, water, epoxy^ lubricants, 
and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
15 operational efficiency. 

The mandrel 3745 is coupled to the second fluid conduit 3735 and the 
mandrel launch^ 3750. The mandrel 3745 preferably comprise an annuiw 
member having a conic section fabricated from any number of conventional 
commercially available materials such as, for example, carbon steel, tool steel, 
20 ceramics, or composite materials. In a preferred embodiment, the angle of 
attack the conic section of the mandrel 3745 ranges from about 10 to 30 degrees 
in order to optimally e^qiand the mandrel launcher 3750 and tubular member 
3755 in the radial direction. In a preferred embodiment, the surface hardness 
of the conic section of the mandrel 3745 ranges from about 50 Rockwell C to 70 
25 Rockwell C. In a particularly preferred embodiment^ the surface hardness of 
the outer surface of the conic section of the mandrd 3745 ranges from about 58 
Rockwell C to 62 Rockwell C in order to optimal^ provide hi^ yield strength. 
In an alternative embodiment, the mandrel 3745 is expandable in order to 
further optimal^ augment the radial expansion process* 
30 The mandrel launcher 3750 is coupled to the support member 3705, the 

mandrel 3745, and the tubular member 3755. The mandrel launcher 3750 
preferably comprise a tubular member having a variable crosa-sectioki and a 
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reduced waU thickness in order to facilitate the iwl^ In a 

preferred embodimenti the cross-sectional area of the xnandrd launcher 3750 at 
one end is adapted to mate with the mandrel 3745, and at the other end, the 
cro38*sectional area of the mandrd launcher 3750 is adapted to match the cross- 
5 sectional area of the tubular member 3755. In a preferred embodiment, the 
wall thickness of the mandrel launcher 3750 ranges from about 50 to 100 % of 
the wall thickness of the tubular member 3755 in order to facilitate the 
initiation of the radial expansion process* 

The mandrel launcher 3750 may be fabricated from any number of 
10 conventional commercially available materiab such as, for example, oilfield 
country tubidar goods, low allow steel, stainless steel, or carbon steel. In a 
preferred embodiment, the mandrel launcher 3750 is fabricated from oilfield 
country tubular goods having hi^er strength but lower wall thickness th<»t! the 
tubular member 3755 in order to optimally match the burst strength of the 
15 tubular member 3755. In a pr ef erre d qnbodiment, the mandrel launchg 3750 
is removabfy coupled to the tubular member 3755. In this manner, the mandrel 
launcher 3750 may be removed from the wellbore 3780 upon the completion of 
an extrusion operation. 

The tubular member 3755 is coupled to the mandrd launcher, the slips 
20 3760 and the seals 3765. The tubular member 3755 prefsab^ comprisee a 
tubular mmber fiediricated from any number of conventional commoxiaUy 
available materiab audi as, for exanqile, low alloy steel, carbon steel, stainless 
sted, or oilfidd ooontry tubuhr goods. In a preferred embodiment, the tubular 
member 3755 18 fdnicated from oilfidd country tubular goods. 
25 The slips 3760 are coupled to the outside surface of the tubular member 

3755. The sIqm 3760 preferably are to oouide to the interior walls of a 

casing, pipeline or other structure upon the radial expansion of the tubular 
member 3755. In this manner, the slips 3760 provide structurd support for the 
expanded tubular member 3755. The slips 3760 mmy com|iriBe any number of 
30 conventiond oommerdally available slips, modified in accordance with the 
teachings of the present disdosure. 



-236- 

SUBSTITUTE SHEET (RULE 26) 



WO00/T7431 



PCT/ILOO/00245 



The seals 3765 are coupled to the outside surface of the tubular member 
3755. The seala 3765. preferably provide a fluidic seal between the outside 
surface of the expanded tubular member 3755 and the interior walls of a casing, 
pipeline or otha- structure upon the radial expansion of the tubular member 
5 3755. In this manner, the seals 3765 provide a fluidic seal for the expanded 
tubuhir member 3755. The seals 3765 miqr comprise any number of 
conventional commerdaUy available seals such as, for example, lead, rubber. 
Teflon or epoxy seals modified in accordance with the teaching of the present 
disclosure. In a preferred embodiment, the seals 3765 comprise seals molded 
10 from Strataloek eposy available from Halliburton Energy Services in Dallas. TX 
in order to optimally provide a hydraulic seal in the overlapping joint and 
optimally provide load carxying capacity to withstand the range of typical 
tensile and comivesBive loads. 

During operaiion of the apparatus 3700, the apparatus 3700 is preferably 
15 lowered into a wellbore 3780 having a preexisting section of wellboro casing 
3770. In a i^erred embodiment, the apparatus 3700 is positioned with at 
least a portion of the tubular membo- 3755 overlapping with a portion of the 
wellbore casing 3770. In this manner, the radial expansion of the tubular 
member 3755 will preferably cause the outside surface of the expanded tubular 
20 member 3755 to couple with the inside surface of the wellbore casing 3770. In a 
preferred embodiment, the radial expansion of the tubular member 3755 will 
also cause the slips 3760 and seals 3765 to engage with the interior surface of 
the wellbore casing 3770. In this manner, the expanded tubular member 3765 
is provided with enhanced structural support by the aUpe 3760 and an enhanced 
25 fluid seal hy the seala 3765. 

As iUiutrated in FIG. 23B, after placement of the apparatus 3700 in an 
overlapping relationshq) with the wellbore casing 3770, a fluidic material 3785 
is preferably pumped into the chamber 3775 using the fluid passage 3720 and 
the inlet passages 3725. In a preferred embodiment, the fluidic material is 
30 pumped into the chambCT 3775 at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally 
provide operational efficiency. The pumped fluidic material 3785 increase the 
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operating pressure within the chamber 3775. The increased operating pressure 
in the chamber 3775 then causes the mandrd 3745 to extrude the mandrel 
launcher 3750 and tubidar member 3755 off of the face of the mandrel 3745. 
The extrusion of the mandrel launcher 3750 snd tubular member 3755 off of 
5 the face of the mandrel 3745 causes the mandrd launcher 3750 and tubular 
member 3755 to expand in the radial direction. Continued pumping of the 
fluidic material 3785 preferably causes the entire length* of the tubular member 
3755 to expand in the radial direction. 

In a preferred embodimenti the pumping rate and pressure of the fluidic 
10 material 3785 is reduced during the latter stages of the extrusion process in 
order to minimize shock to the apparatus 3700. In a preferred embodiment, the 
^paratus 3700 includes shock absorbers for absorbing the shock caused by the 
completion of the extrusion process. 

In a preferred embodiment^ the extrusion process causes the mandrel 
15 3745 to move in an axial direction 3785. Dimng the axial movement of the 
mandrel, in a preferred embodiment^ the fluid passage 3740 conveys fluidic 
material 3790 displaced by the moving mandrel 3745 out of the weUbore 3780. 
In this mann«, the operational efficiency and speed of the extrusion process is 
enhanced. 

20 In a preferred embodiment, the extrusion process indudes the injection 

of a hardmable fluidic material into the annular region between the tubular 
member 3755 and the bore hole 3780. In this manner, a hardened sealing layer 
is provided betwen the expanded tubular member 3755 and the interior walls 
of the weUbore 3780. 

25 As illustrated in FIG. 23C, in a preferred embodiment, upon the 

completion of the extrusion process, the support member 3705, packo* 3710, 
first fluid conduit 3715, annular seal 3730, second fluid conduit 3735, mandrel 
3745, and mandrd laimcher 3750 are moved from the weUbore 3780. 

In an alternative embodiment, the apparatus 3700 ia used to repair a 

30 preexisting weUbore casing, pqieUne, or structural support. In this alternative 
embodiment, both ends of the tubular member 3755 preferab^ indude sUps 
3760 and seals 3765. 
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In an alternative embodiment, the apparatus 3700 is used to form a 
tubular structural support for a building or ofishore structure. 

Referring now to FIGS. 24A, 24B. 24C, 24D, and 24E, an apparatus 3900 
for expanding a tubular member will be described. In a preferred-embodiment, 
5 the apparatus 3900 includes a support member 3906, a mandrel launcher 3910, 
a mandrel 3915, a first fluid passage 3920. a tubular member 3925, sUps 3930, 
seals 3935, a shoe 3940, and a second fluid passage 3945. In a preferred 
embodiment, the apparatus 3900 is used to radially expand the mandrel 
launcher 3910 and tubular member 3925. In this manner, the apparatus 3900 
10 may be used to fonn a weUbore casing, line a wellbore casing, form a pipeline, 
line a pipeline, form a structural support member, or repair a weUbore casing, 
pipeline or structural support member. In a preferred embodiment, the 
apparatais 3900 is used to dad at least a portion of the tubular member 3925 
onto a preexisting structural member. 
16 The support member 3905 is preferably coupled to the mandrel launcher 

3910. The support member 3905 preferably comprises a tubular member 
fabricated from any nmnber of conventional commercially available materials 
such as, for example, oilGeld country tubular goods, low alloy steel, carbon steel, 
or stainless steeL The support member 3905, the mandrel launcher 3910, the 
20 tubular member 3925, and the shoe 3940 are preferably selected to fit through a 
preexisting section of weUbore casing 3950. In this manner, the apparatus. 3900 
m^ be positioned within the wellbore casing 3970. In a preferred embodiment, 
the support member 3905 is releasably coupled to the mandrel launcher 3910. 
In this manner, the support member 3906 may be decoupled from the mandrel 
25 laundier 3910 upon the completion of an extrusion operation. 

The mandrel launcher 3910 is coupled to the support member 3905 and 
the tubular member 3925. The mandrel launcher 3910 preferably comprise a 
tubular member having a variable cross-section and a reduced wiU thickness in 
order to fsdlitata the radial expansion process. In a preferred embodiment, the 
30 cross-sectional area of the mandrel launcher 3910 at one end is adapted to mate 
with the mandrel 3915, and at the other end, the cross-sectional area of the 
mandrel laonch^ 3910 is adapted to match the cross-sectionai area of the 
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tubular member 3925. In a preferred anbodiment, the wall thickness of the 
mandrel launcher 3910 ranges from about 50 to 100 % of the wall thickness of 
the tubular member 3925 in order to facilitate the initiation of the radial 
expansion process. 

5 The mandrel launcher 3910 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 
country tubular goods, low allow steel, stainless steel, ot carbon steel. In a 
preferred embodiment^ the mandrel launcher 3910 is fabricated from oilfield 
country tubular goods having higher strength but lower wall thickness than the 
10 tubular member 3925 in order to optimally match the burst strength of the 
tubular member 3925. In a preferred embodiment, the mandrel laimcher 3910 
is removably coupled to the tubular member 3925. In this manner, the mandrel 
launcher 3910 may be removed from the wellbore 3960 upon the completion of 
an extrusion operation. 
15 The mandrel 3915 is coupled to the mandrel launcher 3910. The 

mandrel 3915 preferably comprise an annular member having a conic section 
fabricated from any number of oonvrational commercially available materials 
such as, for example, tool steel, carbon steel, ceramics, or composite materials. 
In a preferred embodiment, the angle of attack of the conic section of the 
20 mandrel 3915 ranges fit>m about 10 to 30 degrees in order to optimally expand 
the mandrel launcher 3910 and the tubular member 3925 in the radial 
direction. In a preferred embodiment, the surfiEioe hardness of the conic section 
of the mandrel 3915 ranges firom about 58 to 62 Rockwell C in orda to 
optimally provide high strength and resist wear and galling. In an alternative 
25 embodiment, the mandrel 3915 is expandable in order to further optimally 
augment the radial expansion process. 

The fluid passage 3920 is positioned within the mandrel 3915. The fluid 
passage 3920 is preferably adapted to convqr fluidic materials such as cement, 
water, epoiQr, lubricanta, and slag mix at operating pressures and flow rates 
30 ranging from about 0 to 9,000 psi and 0 to 3,000 gaUona/minttte in order to 
optimalfy provide operational efficiency. The fluid passage 3920 preferably 
includes an inlet 3965 adi^ted to receive a plug, or other similar device. In this 
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maimer» the interior chamber 3970 above the mandrel 3915 may be fluidic^ 
isolated from the interior chamber 3975 below the mandrel 3915. 

The tubular member 3925 is coupled to the mandrel launcher 3910, the 
slips 3930 and the seala 3935. The tubular member 3925 preferably conqnises a 
5 tubular member fabricated from any number of conventional commerdaUy 
available materials such as, for example, low alloy steel, carbon steel, stainless 
steel, or oilfield country tubular goods. In a preferred embodiment, the tubular 
member 3925 is fabricated from oilfield country tubular goods. 

The slips 3930 are coupled to the outside surface of the tubular mernb^ 
10 3925. The slips 3930 preferably are adapted to couple to the interior walls of a 
casing, pipeline or other structure upon the radial expansion of the tubular 
member 3925. In this manner, Uie slips 3930 provide structural support for the 
expanded tubular member 3925. The slips 3930 m^y comprise any number of 
conventional commercial^ available slips, modified in accordance with the 
15 teachings of the present disclosure. 

The seala 3935 are coupled to the outside surface of the tubular member 
3925. The seals 3935 {Hreferably provide a fluidic seal between the outside 
surface of the expanded tubular member 3925 and the interior walls of a casing, 
pipdine or oth&r structure upon the radial expansion of the tubular member 
20 3925. In this manner, the seals 3935 provide a fluidic seal for the expanded 
tubular member 3925. The seals 3935 may comprise any number of 
conventional conunerdal]^ available seals such as, for example, lead, rubber or 
epoxy. In a preferred CTibodiment, the seals 3935 comprise Stratalok epoxy 
material available from Halliburton Energy Sorvicea in order to optimally 
25 provide structural support for the typical tensile and compressive loads. 

The shoe 3940 ia coupled to the tubular member 3925. The shoe 3940 
preferably comprises a substantial^ tubular monber having a fluid passage 
3945 for conveying fluidic materials from the chamber 3975 to the annular 
region 3970 outside of the apparatus 8900. The shoe 3940 may comprise any 
30 number of conventional commercia^y available aboea modified in accordance 
with the teachings.of the present disclosure. 
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During operation of the apparatus 3900, the apparatus 3900 is preferably 
towered into a wellbore.3960. haying a preexisting section of wellbore casing 
3975. In a preferred embodiment^ the apparatus 3900 is positioned with at 
least a portion of the tubular member 3925 overUqjping with a portion of the 
5 wellbore casing 3975. In this manner, the radial expansion of the tubxilar 
member 3925 will preferably cause the outside smf ace of the expanded tubular 
member 3925 to couple with the inside surface of the wdlbore casing 3975. In a 
preferred »ibodiment, the radial expansion of the tubular member 3925 will 
also cause the slips 3930 and seals 3935 to engage with the interior surface of 
10 the wellbore casing 3975. In this manner, the expanded tubxilar member 3925 
is provided with enhanced structural support by the slips 3930 and an enhanced 
fluid seal by the seab 3935. 

As illustrated in FIG. 24B, after placement of the apparatus 3900 in an 
overlapping relationship with the wellbore casing 3975, a fluidic material 3980 
15 is preferab^ pumped into the chamber 3970. The fluidic material 3980 then 
passes throu^^ the fluid passage 3920 into the chamber 3975. The fluidic 
material 3980 then passes out of the chamber 3975, throu|^ the fluid passage 
3945, and into the annular region 3970. In a preferred embodiment, the fluidic 
material 3980 is pumped into the chamber 3970 at operating pressures and flow 
20 rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order 
to optimally provide operational ^ciency. In a preferred embodiment, the 
fluidic material 3980 comprises a hardenable fluidic sealing material in order to 
form a hardened outer annular member around the expanded tubular member 
3925. 

25 As illustrated in FIG. 24C, at some later point in the process, aball3985, 

plug or other similar device, is introduced ioto the pumped fluidic material 
3980. In a preferred embodimrat, the ball 3986 mates with and seals off the 
inlet 3965 of the fluid passage 3920. In this manner, the chambOT 3970 is 
fluididly isolated from the chamber 3975. 

30 As illustrated in FIG. 24D, after pUcCTient of the ball 3985 in the inlet 

3965 of the fluid passage 3920, a fluidic material 3990 is pumped into the 
chamber 3970. The fluidic material is preferably pumped into the chamber 
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3970 at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 g^on^/nunute in order to provide optimal operating efficiency. 
The fluidic material 3990 may comprise any number of conventional 
commercially available mat m als such as, for example, water, drilling mud. 
5 cement, epoiQr, or slag mix. In a preferred ^ibodiment, the fluidic material 
3990 comprises a non-hardenable fluidic material in order to maximize 
operational e£Bd«i<7. 

Continued pumping of the fluidic material 3990 increases fluidic material 
3980 increases the opwaiing pressure within the chamber 3970. The increased 
10 operating pressure in the chamber 3970 then causes the mandrel 3915 to 

extrude the mandrel launcher 3910 and tubular member 3925 off of the conical 
face of the mandrel 3915. The extrusion of the mandrel launcher 3910 and 
tubular member 3925 off of the conical face of the mandrel 3915 causes the 
mandrel launcher 3910 and tubular member 3925 to expand in the radial 
15 direction. Continued pumping of the fluidic material 3990 prrferably causes the 
entire length of the tubular member 3925 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and preesure of the fluidic 
material 3990 is reihtced during the latter stages of the eztnui<m process in 
order to minimize shock to the apparatos 3900. In a preferred embodiment, the 
20 apparatus 390O indudea shock absorbers for abaorbinjgr the sho*^ caused by the 
conqiletion of the eztrumon process. In a preferred embodimmt, the extrusion 
process causes the mandrel 3915 to move in an axial direction 3995. 

As ilhistrated in FIG. 24E, in a prdmed embodiment, upon the 
completion of the extniaion process, the sunmrt member 3905, packer 3910, 
25 first fluid conduit 3915, annular seal 3930, second fluid conduit 3935, mandrel 
3945, and mandrel launcher 3950 are ronoved from the weUbore 3980. In a 
preferred embodiment, the resulting new section of wellbore casing indudes the 
preexisting wellbore casing 3975, the expanded tubular member 3925, the slips 
3930, the seals 3935. the shoe 3940, and an outer annular l^er 4000 of 
30 hardened fluidic materiaL 
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In an alternative embodiment, the apparatus 3900 is used to repair a 
preexisting wellbore casing or pipeline. In this alternative embodiment^ both 
ends of the tubular member 3955 preferably include sUps 3960 and seals 3965. 
In an alternative embodiment, the apparatus 3900 is used to form a 
5 tubular structural support for a building or oilahore structure. 

Referring to PIGS. 25 and 26, the optimal relationship between the angle 
of attack of an ezpansion mandrel and the minimally required propagation 
pressure during the ezpansion of a tubular member will now be described. As 
illustrated in FIG. 25, during the radial ezpansion of a tubular member 4100 by 
10 an ezpansion mandrel 4105, the ezpansion mandrel 4105 is displaced in the 
axial direction. The angle of attack a of the conical surface 4110 of the 
expansion mandrel 4105 directly affects the required propagation pressure Ppg 
necessaiy to radially expand the tubular member 4100. Referring to FIG. 26, 
for typical grades of materials and typical geometries, the propagation pressure 
15 is minimized for an angle of attack of approzimatdy 25 d^rees. 

Furthermore, the optimal range of the angle of attack a ranges from about 10 to 
30 degrees in order to minimize the range of required mmiwuiTw propagation 
pressure PpR. 

Referring to FIG. 27, an embodiment of an expandable threaded 
20 connection 4300 wiU now be described. The expandable threaded connection 
4300 preferab^ includes a first tubular memba 4305, a second tubular member 
4310, a threaded connection 4315, an O-ring groove 4320, and an 0-ring 4325. 

The first tidiular member 4305 indudes an inside wall 4330 and an 
outside wall 4335. The first tubular membo- 4305 preferabfy comprises an 
25 annular member having a substantially constant wall thickness. The second 
tubular member 4310 includes an inside wall 4340 and an outside wall 4345. 
The second tubular member 4310 preferably comprises an ftnnt^|«^r memb^ 
having a substantially constant wall thickness. 

The first and second tubular members, 4305 and 4310, may comprise any 
30 number of convmtional commercially available members. In a preferred 
embodiment, tixB inside and outside diameters of the first and second tubular 
members, 4305 and 4310, are substantially equal. In this manner, the burst 
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Strength of the tubular membera, 4305 and 4310. are substantiaUy equal. This 
minimizes the possibility of a catastrophic faUure during the radial expansion 
process. 

The threaded connection 4315 may comprise any number of 
5 conventional threaded connections suitable for use with tubular members. In a 
preferred embodiment^ the threaded connection 4315 comprises a pin-and-box 
threaded connection. In this manner, the assembly of the first tubular member 
4305 to the second tubular member 4310 is optimized. 

The 0-ring groove 4320 is preferably provided in the threaded portion of 
10 the interior wall 4340 of tile second tubular member 4310. The 0-ring groove 
4320 is preferably adapted to receive and support one or more O-rings. The 
volumetric size of the 0-ring groove 4320 is preferably selected to permit the O- 
ring 4325 to expand at least approximately 20% in the axial direction during the 
. radial expansion process. In this manner, deformation of the outer sur&oe 
15 4345 of the seoond tubular member 4310 during and upon the completion of the 
radial eq>anaion process is minimized. 

The O-ring 4325 is supported by the O-ring groove 4320. TheO-ring 
4325 optimal]^^ ouures that a fluid-tie^t seal is maintained between the first 
tubular member 4305 and the second tubular m«ib« 4310 throughout and 
20 upon the completion of the radial expansion process. 

Referring to FIG. 28, an alternative embodiment of an expandable 
threaded connectioH 4500 wiD now be described. The expandable thiBaded 
connection 4500 includes a first tubular member 4505, a second tubular 
membor 4510, a threaded connection 4515, an 0-ring groove 4520, and an O- 
25 ring4525. 

The first tabular monber 4505 includes an inside wall 4630 and an 
outside wall 4535. The first tabular member 4305 prefmbly comprises an 
annul a r member having a substantiaUy constant wall thickness. The second 
tubular member 4510 includes an inside wall 4540 and an outside wall 4545. 
30 The second tubular member 4510 preferably comprises an annular moEiber 
having a substantially constant wall thickness. 
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The Grst and second tubular members, 4505 and 4510, may comprise any 
number of conventional commercial^ available membra. In a preferred 
embodiment, the inside and outside diameters of the fiiat and second tubular 
members, 4505 and 4510, are substantially equal. In this manner, the burst 
5 strength of the tubular members, 4505 and 4510, are substantially equal. This 
minimizes the possibility of a catastrophic failure during the radial expansion 
process. 

The threaded connection 4515 may comprise any number of 
conventional threaded connections suitable for xise with tubular mexnbers. In a 
10 preferred embodiment, the threaded connection 4515 comprises a pin-and-box 
Uireaded connection. In this manner, the assembly of the first tubular member 
4505 to the second tubular member 4510 is optimized. 

The 0-ring groove 4520 is prefoably provided in the threaded portion of 
the interior wall 4540 of the second tubular member 4510 immediately adjacent 
15 to an end portion of the threaded connection 4515. In this manner, the sealing 
effect provided by the O-ring 4525 is optimized. The O-ring groove 4520 is 
preferably adapted to receive and support one or more O-rings. The volumetric 
size of the 0*ring groove 4520 is preferabfy selected to permit the O-ring 4525 
to expand at least approximately 20% in the axial direction during the radial 
20 expansion process. In this manner, deformation of the outer surface 4545 of the 
second tubular member 4510 during and upon the completion of the radial 
expansion process is mlntmiT^ 

The O-iing 4525 is supported by the O-ring groove 4520. The O-ring 
4525 optimally ensures that a fluid-tight seal is maintained between the first 
25 tubular member 4505 and the second tubular member 4510 throughout and 
upon the completion of the radial expansion process. 

Referring to FIG. 29, an alternative embodiment of an expandable 
threaded coimection 4700 will now be described. The expandable threaded 
connection 4700 indudes a Grst tubular member 4705, a second tubular 
30 member 4710, a threaded connection 4715, an O-ring groove 4720, a first O- 
ring 4725, and a second O-ring 4730. 
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The first tubular member 4705 includes an inside wall 4735 and an 
outside waU 4740. The first tubiilar member 4705 preferably comprises an 
annidar member having a substantially constant wall thickness. The second 
tubular member 4710 includes an inside wall 4745 and an outside-wall 4750. 
5 The second tubular member 4710 preferably comprises an annular member 
having a substantial^ constant wall thickness. 

The first and second tubular members, 4705 and 4710, may comprise any 
number of conventional commercially available members. In a prefmed 
embodiment, the inside and outside diameters of the first and second tubular 
10 members, 4705 and 4710, are substantial^ equal. In this manner, the burst 
strength of the tubular members, 4705 and 4710, are substantially equal. This 
minimizes the possibility of a catastrophic failure during the radial expansion 
process. 

The threaded connection 4715 may comprise any nmnber of 
15 conventional threaded connections suitable for use with tubular members. In a 
pr^erred embodiment, the threaded connection 4715 comprises a pin-and-box 
threaded connection. In this manner, the assembly of the first tubular member 
4705 to the second tubular member 4710 is optimized. 

The O-ring groove 4720 is preferably provided in the threaded portion of 
20 the intmor wall 4745 of the second tubular member 4710 immediately adjacent 
to an end portion of the threaded connection 4715. In this manner, the sealing 
effect provided by the O-ringa, 4725 and 4730, is optimized. The O-ring groove 
4720i8prefenhlyadi4itedtorecraveandsupportapluraUtyofO-^ The 
volumetric size of the O-ring groove 4720 is preferably selected to pennit the O- 
25 rings. 4725 and 4730, to eaqnnd at least approzimatety 20% in the axial 

direction during the radial expansion process. In this manner, ddbrmation of 
the outer surface 4750 of the second tubular member 4710 during and upon the 
completion of the radial equmsion process is minimized. 

The O-rings, 4725 and 4730, are supported by the O-ring groove 4720. 
30 The pair of 0-rings, 4725 and 4730, optimally rasure that a fluid-ti^t seal is . 
maintained between the firat tubular member 4705 and the second tubular 
m^nber 4710 throughout and upon the completion of the radial expansion 
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process. In particular, the use of a pair of adjacent 0-rings provides redundancy 
in the seal between the Grst tubular member 4705 and the second tubular 
member 4710. 

Referring to FIG. 30, an alternative embodiment of an expandable 
5 threaded connection 4900 will now be described. The expandable threaded 
connection 4900 includes a first tubular member 4906, a second tubular 
member 4910, a threaded connection 4915. a first O-ring groove 4920, a second 
0*ring grove 4925, a first 0-ring 4930, and a second 0-ring 4935. 

The first tubular member 4905 includes an inside wall 4940 and an 
10 outside wall 4945. The first tubular member 4905 preferably comprises an 
annular member having a substantially constant wall thickness. The second 
tubular member 4910 includes an inside wall 4950 and an outside wall 4955. 
The second tubular member 4910 preferably comprises an annular member 
having a substantially constant wall thickness. 
15 The first and second tubular members, 4905 and 4910, may comprise any 

number of conventional commercially available tubular members. In a 
preferred embodiment, the inside and outside diameters of the first and second 
tubular members, 4905 and 4910, are substantially equal. In this manner, the 
burst strength of the tubular members, 4905 and 4910, are substantially equal. 
20 This minimiz es the possibility of a catastrophic failure during the radial 
expansion process. 

The threaded connection 4915 may comprise any number of 
conventional threaded connections suitable for use with tubular members. In a 
preferred embodiment, the threaded connection 4915 comprises a pin-and-box 
25 threaded connection. In this mannv, the assemblty of the first tubular member 
4905 to the second tubular member 4910 is optimized. 

The first O-ring groove 4920 ia preferably provided in the threaded 
portion of the interior wall 4950 of the second tubular member 4910 that is 
separated from an end portion of the threaded connection 4915. In this 
30 manner, the sealing effect provided by the O-rings, 4930 and 4935, is 

optimized. The first 0-ring groove 4920 is preferably iidflpt^ to receive and 
support one more O-rings. The volumetric size of the first O-ring groove 4920 
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is preferably selected to permit the O-ring 4930 to expand at least 

approxin»t^ ?0% in the axial directi<m during the radial expand 

this manner, deformation of the outer surface 4955 of the second tubular 

member 4910 during and upon the completion of the radial expansion process is 

5 minimigarf 

The second O-ring groove 4925 is prefiOBbly jnovided in the threaded 
portion of the interior wall 4950 of the second tubular member 4910 that is 
immediate^ adjacent to an end portion of the threaded connection 4915. In 
this manner, the sealing efifect provided by the O-rings. 4930 and 4935, is 

10 optimized. The second O-ring groove 4926 is preferably adapted to receive and 
support one more O-rings. The volumetric size of the second O-ring groove 
4925 is preferably selected to permit the O-ring 4935 to expand at least 
approximately 20% in the axial direction during the radial expansion process. In 
this manner, deformation of the outer surface 4955 of the second tubular 

15 member 4910 during and upon the completion of the radial expansion process is 
minimized. 

The O-rings, 4930 and 4936, are supported by the O-ring grooves, 4920 
and 4925. Theuseof a pair of O-rings, 4930 and 4935, that are axiaUy 
separated optimaUy ensures that a fluid-tight seal is maintained between the 
20 first tubular member 4905 and the second tubular metiiber 4910 throughout 
and upon the completion of the radial expansion process. In particular, the use 
of a pair of O-rings provides redundangr in the seal between the firat tubular 
monber 4905 and the second tubular member 4910. 

In a preferred onbodiment, the eqiandable threaded connections 4300, 
25 4500, 4700, and/or 4900 are used in combination with one or more of the 

embodiments illustrated in PIGS. 1-24E in order to optimaUy expand a pluraUty 
of tubular monbers coiqiled &xd to end using the expandable threaded 
connections 4300. 4500, 4700 and/or 4900. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has hem described that includes installing a tubular liner and a 
mandrel in the bordiole. A bodjr of fluidic material is thai injected into the 
borehole. The tubular Una is then radially expanded by extruding the liner off 
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of the mandrel. The injecting preferably includes injecting a hardenable fluidic 
sealing material into an annuliur region located between the borehole and the 
exterior of the tubular liner; and a non hardenable fluidic material into an 
interior region of the tubular liner below the mandrd* The method preferably 
5 includes fluidic^ isolating the annular r^on firom the interior region before 
injecting the second quantity of the non hardenable sealing material into the 
interior region. The injecting the hardenable fluidic sealing material is 
preff^^ly provided at operating pressures and flow rates ranging from about 0 
to 5000 psi and 0 to 1,500 gallons/min. The injecting of the non hardenable 
10 fluidic material is preferably provided at operating pressures and flow rates 
ranging from about 500 to 9000 psi and 40 to 3,000 gallonsy^. The injecting 
of the non hardmable fluidic material is preferably provided at reduced 
operating pressures and flow rates during an end portion of the extruding. The 
non hardenable fluidic material is preferably injected below the mandrel. The 
15 method preferably includes pressurizing a region of the tubular liner below the 
mandrel. The region of the tubular liner below the mandrel is preferably 
pressurized to pressures ranging from about 500 to 9,000 psi. The method 
preferably includes fluididy isolating an mterior region of the tubular liner 
bom an exterior region of the tubular liner. The method furtha preferably 
20 indudes curing the hardenable sealing material, and removing at least a portion 
of the cured sealing nuiterial located within the tubular liner. Themethod 
further preferably indudes overiapping the tubular liner with an existing 
wellbore casing. The method ftirther pveferably indudes sealing the overlap 
between the tubular liner and the existing wellbore casing. The method further 
25 preferably indudes supporting the extruded tubular liner using the overlc^ 
with the existing wellbore casing. The method furth^ preferably indudes 
testing the int^rity of the seal in the overlap between the tubular liner and the 
existing wellbore casing. The method further preferably indudes removing at 
least a portion of the hardenable. fluidic sealing material within the tubular 
30 liner btfore curing. The method further preferab^ indudes lubricating the 
surface of the mandrel. The method further preferably indudes absorbing 
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shock. The method further preferably indudes catdiing the 
completioii of the eztruduig.^ 

An apparatus for creating a casing in a borehole located in a 
subterranean formation has been described that includes a support member, a 
5 mandrel, a tubular member, and a shoe. The support member indudes a first 
fluid passage. The mandrel is coupled to the support member and indudes a 
second fluid passage. The tubular memher is coupled to the mandreL The shoe 
is coupled to the tubular liner and indudes a third fluid passage. The first, 
second and third fluid passages are operably coupled. The support member 
10 preferabfy further indudes a pressure relief passage, and a flow control valve 
coupled to the first fluid passage and the pressure relief passage. The support 
member further preferably indudes a shock absorber. The support member 
preferably indudes one or more sealing memboB adapted to prevent foreign 
material from entering an interior region of the tubular member. The mandrel 
15 is preferably expandable. The tubular member is preferably fabricated from 
materials selected firom the group consisting of Oilfidd Countiy Tubular Goods, 
13 chromium steel tubing/casing, and plastic casing. The tubular member 
preferably has inner and outer diameters ranging from about 3 to 15.5 inches 
and 3.5 to 16 inches, respectively. The tubular member prefinably has a plastic 
20 yield point ranging from about 40,000 to 135,000 pei. The tubidar member 
prtferably indudes one or more sealing members at an end portion. The 
tubular member preferah^ indudes one or more pressure relief holes at an end 
portion. The tubular monber preferably indudes a catching member at an end 
portion for doling down the mandrel. The shoe preferably indudes an inlet 
25 port coupled to the third fluid passage, the inlet port adapted to receive aplug 
for blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, 
the first tubular member having an inner diameter greater than an outer 
diameter of the second tubular membv, has been described that indudes 
30 positioning a mandrd within an interior region of the second tubular member, 
positioning the first and second tubular members in an overlapping 
relationship, pressurizing a portion of the interior region of the second tubular 
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member, and extruding the second tubular member off of the mandrel into 
engagement with the Brst tubular member. The presaurizing of the portion of 
the interior region of the second tubular member ia preferably provided at 
operating pressures ranging from about 600 to 9,000 psi. The pressurizing of 
5 the portion of the interior region of the second tubular member is preferably 
provided at reduced operating pressures during a latter portion of the 
extruding. The method further preferably includes sealing the overlap between 
the Grst and second tubular members. The method fiirther preferably includes 
supporting the extruded first tubular member using the overlap with the second 
10 tubular member. The method further preferably includes lubricating the 
surface of the mandrel. The method further preferably inchides absorbing 
shock. 

A liner for use in creating a new section of weUbore casing in a 
subterranean formation adjacent to an afa-eady existing section of wellbbre 

15 casing has been described that includes an annular member. The annular 
member includes one or more sealing members at an end portion of the annular 
member, and one or more pressure reUef passages at an end portion of the 
annular member. 

A wellbore casing has been described that includes a tubular liner and an 
20 annular body of a cured fluidic sealing material. The tiibular liner is formed by 
the process of extruding the tubular liner off of a mandrel The tubular liner is 
preferably formed by the procesa of placing the tubular liner and mandrel 
within the wellbore, and pressurizing an interior portion of the tubular liner. 
The annular body of the cured fluidic sealing material is preferably formed by 
25 the process of ii^ecting a body of hardenable fluidic sealing material into an 
annular region external of the tubular liner. During the pressurizing, the 
interior portion of the tubular liner is preferably fluidicly uolated from an 
exterior portion of the tubular liner. The interior portion of the tubular liner is 
preferably pressurized to pressures ranging fixmi about 500 to 9.000 psL The 
30 tubular liner preferably overlaps with an existing wellbore casing. TheweUbore 
casing preferably further includes a seal positioned in the overlap between the 
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tubular liner and the existing wellbore casing. Tubular liner is preferably 
supported the overlap with the. existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
borehole has been described that includes installing a tubular liner and a 
5 mandrel within the wellbore casing; injecting a body of a fluidic material into 
the borehole, pressurizing a portion of an interior region of the tubular liner, 
and radially expanding the liner in the borehole by extruding the liner off of the 
mandrel. In a preferred embodiment, the fluidic material is selected from the 
group consisting of slag mix, cement^ drilling mud, and epoxy. In a preferred 
10 embodiment, the method further includes fluididy isolating an interior region 
of the tubular liner from an exterior region of the tubular liner. In a preferred 
embodiment, the ii^ecting of the body of fluidic material is provided at 
operating pressures and flow rates ranging from about 500 to 9,000 psi and 40 
to 3,000 gallona/min. In a preferred embodiment, the injecting of the body of 
15 fluidic matmal is provided at reduced opiating pressures and flow rates 
during an end portion of the extruding. In a preferred embodiment, the fluidic 
matoial is iAjected below the mandrel. In a preferred embodiment, a region of 
the tubular liner below the mandrel is pressurized. In a preferred embodiment, 
the region of the tubular liner below the mandrel is pressurized to pressures 
20 ranging fit>m about 500 to 9,000 psi. In a preferred embodiment, the method 
further includes overlapping the tubular liner with the exiiating wellbore casing. 
In a preferred embodiment, the method further includes sealing the interface 
between the tubular liner and the existing wellbore casing. In a preferred 
embodiment^ the method further includes supporting the extruded tubular liner 
25 using the existing wdlbore casing. In a preferred embodiment, the method 
further indudes testing the integrity of the seal in the interface between the 
tubular liner and the existing wellbore casing. In a preferred embodiment, 
method further indudes lubricating the surface of the mandreL In a preferred 
embodiment, the method further indudes absorbing shock. In a preferred 
30 embodiment, the method further indudes catching the mandrel upon the 
completion of the extruding. In a preferred embodiment, the method further 
includes expanding the mandrel in a radial direction. 
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A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubiiiar liner and an azinulv body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular 
liner ofif of a mandrel. The annular body of a cured fluidic sealing material is 
5 coupled to the tubular liner. In a preferred onbodiment, the tubular liner is 
formed by the process of placing the tubular liner and mandrel within the 
wellbore, and pressurizing an interior portion of the tubular liner. In a 
preferred embodiment^ during the pressurizing, the interior portion of the 
tubular liner is fluididy isolated from an exterior portion of the tubular liner. 
10 In a preferred embodiment^ the interior portion of the tubular liner is 

pressurized at pressures ranging from about 500 to 9,000 psi. In a preferred 
embodiment, the annular body of a cured fluidic sealing material is formed by 
the process of iiyecting a body of hardenable fluidic sealing tnftterial into an 
annulsr r^on between the existing wellbore casing and the tubular liner. In a 
15 preferred embodiment, the tubular liner overliqse with another »i»tfn g 
wellbore casing. In a prefm^ embodiment, the tie-back linv further ind^ 
a seal positioned in the overlap between the tubular liner and the other existing 
wellbore casing. In a preferred embodiment, tubular liner is supported by the 
overiap with the other *^fttitig wellbore casing. 
20 An apparatus for expanding a tubular member Has been described that 

iadudes a support member, a mandrel, a tubular memb and a shoe. The 
support member indudea a first fluid passage. The mandrel is coupled to the 
support member. The mandrel indudee a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The 
25 interior portion of the mandrel is drillable. The tubular member is coupled to 
the mandrel. The shoe is coupled to the tubular member. The shoe indudes a 
third fluid passage operably coupled to the second fluid passage, an interior 
portion, and an exterior portion. The interior portion of the shoe is drillable. 
Preferably, the interior portion of the mandrel indudes a tubular member and a 
30 load bearing memba. Preferably, the load bearing membw oonqnises a 
drillable body. Preferably, the interior portion of the shoe indudes a tubular 
member, and a load bearing membo*. Preferably, the load bearing member 
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comprises a driUable body. Preferably, the exterior portion of the mandrel 

compriaea an erpanaion cone. Preferably, the expansion cone is fabricated from 

materials selected from the group consisting of tool steel, titanium, and 

ceramia Preferably, the expansion cone has a sur&ce hardness ranging from 

5 about58to62RockweUC. Preferably at least a portion of the apparatus is 
drillable. 

A wellhead has also been described that indudes an outer casing and a 
plurality of subetantialbf concentric and overlapping inner casings coupled to 
the outer casing. Each inner casing is supported by contact pressure between 

10 an outer surface of the inner casing and an inner surface of the outer casing. In 
a preferred embodiment, the outer casing has ayield strength ranging from 
about 40,000 to 136,000 psL In a preferred embodiment, the outer casing has a 
burst strength ranging from about 5,000 to 20.000 pd. In a preferred 
embodiment, the contact pressure between the inner casings and the outer 
15 casingranges from about 500 to 10.000 psL In a preferred embodiment, one or 
more of the inner casings include one or more sealing members that contact 
with an inner surface of the outer casing. In a preferred embodiment, the 
sealing members are selected from the group consisting of lead, rubber, Teflon, 
epoxy, and plastic. In a preferred embodiment, a Christmaa tree is coupled to 
20 the outer casing. In a preferred embodiment, a drilling spool is coupled to the 
outer casing. In a preferred embodiment, at least on? of the inner casings is a 
production casing. . 

A wellhead has also been described that indudes an outer casing at least 
partially positioned within a weUbore and a phirality of substantially concentric 

26 inner casing coupled to the interior surface of the outer casing by the process 
of expanding one or more of the inner casings into contact with at least a 
portion oftheinteriorauifaceoftheoutercasing. In a preferred embodiment, 
the inner casings are expanded by extruding the inner casings off of a mandrel. 
In a preferred embodiment, the inner casings are expanded by the process of 

30 pladng the inner casing and a mandrel within Uie wellbore; and pressurizing an 
interior portion of the inner casing. In a preferred embodiment, during the 
pressurizing, the interior portion of the inner casing is fluididy isolated from an 
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exterior portion of the inner casing. In a preferred embodiment, the interior 
portion of the inner casing is pressurized at pressures ranging from about 500 
to 9,000 psi. In a preferred embodiment, one or more seals are positioned in the 
interface between the inner casings and the outer casing. In a preferred 
5 embodiment^ the inner casings are supported by their contact with the outer 
casing. 

A method of forming a wellhead has also been described that includes 
drilling a wellbore. An outer casing is positioned at least partially within an 
upper portion of the wellbore. A first tubular member is positioned within the 
10 outer casing. At least a portion of the first tubular member is expanded into 
contact with an interior surface of the outer casing. A second tubular member 
is positioned within the outer casing and the first tubular member. At least a 
portion of the second tubular modber is expanded into contact with an interior 
portion of the outer casing. In a prefiored embodiment^ at least a portion of the 
15 interior of the first tubular membCT is pressurized. In a preferred 

embodiment, at least a portion of the interior of the second tubular member is 
pressurized. In a preferred embodiment, at least a portion of the interiors of 
the first and second tubular members are pressurized* In a preferred 
embodiment^ the pressurizing of the portion of the tntorior region of the first 
20 tubular membo* is provided at operating pressures ranging from about 500 to 
9,000 psL In a preferred embodiment, the pressurizing of the portion of the 
interior region of the second tubular member is provided at operating pressures 
ranging from about 500 to 9,000 psi In a preferred onbodiment, the 
pressurizing of the portion of the interior region of the first and second tubular 
25 m^nbers is provided at operating pressures ranging frt>m about 500 to 9,000 
psi In a preferred oibodiment, the pressurizing of the portion of the interior 
region of the first tubular member is provided at reduced operating pressures 
during a latter portion of the expansion. In a preferred embodiment, the 
pressurizing of the portion of the interior region of the second tubular member 
30 is provided at reduced operating pressures during a latter portion of the 
expansion. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the first and second tubular members is provided at reduced 
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operatmgpre33u«8duringalatterFortionofthe expansions. Inaprefemd 
embodiment, tha oonta<:t between the fiist tubular member and the outer 

casing is sealed. In a preferred embodiment, the contact between the second 
tubuJarmemberandtheoutercasingissealed, In a preferred embodiment, the 
5 «»tact between the first and second tubular members and the outer casing is 
sealed. ^ a preferred embodiment, the expanded first tubular member is 
supportedosingthecontactwiththeoutercssing. In a preferred embodiment, 
the expanded second tubular member is supported using the contact with the 
outer casing. In a preferred embodiment, the expanded first and second tubular 
10 members are supported using their contacts with the outer casing. Ina 
preferred embodiment, the first and second tubular members are extruded off 
ofamandrel. In a preferred embodiment, the surface of the mandrel is 
lubricated. In a preferred embodiment, shock is absorbed. In a preferred 
embodiment, the mandrel is expanded in a wdial direction. Inapreferred 
15 embodiment, the first and second tubular members are positioned in an 

overlapping relatiomUxip. In a preferred embodiment, an interior region of the 
first tubular member is fluidic^ isolated ftom an exterior region of the first 
tubular member. In a preferred embodiment, an interior region of the second 
tubular member is fluidicbr isolated from an exterior region of the second 
20 tubular member. In a preferred embodiment, the interior region of the first 
tubular member is fluidicbr isolated from the region exterior to the first tubular 
member by iiyectinff one or more plugs into the interior of the first tubular 
member. In a preferred embodiment, the interior region of the second tubular 
member is fiuidicl^ isolated from the region exterior to the second tubular 

25 memberlyiiuectingoneormorephigsintotheinterioroftheaecondtubular 
member. In a preferred embodiment, the pressuiixing of the portion of the 
interior region of the first tubular member ia provided by injecting a Ouidic 
material at operating pressures and flow rates ranging from about 500 to 9,000 
psiand40to3,000gaUom,/minute. In a preferred embodiment, the 

30 P^uri^goftheportioiioftheinteriorregionofthesecondtubularmember 
is provided by lA^ecting a lluidic material at operating pressures and flow rates 

ranging from about 500 to 9.000 psi and 40 to 3.000 gaUonsAninute. loa 

-257. 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



preferred embodiment, fluidic material is injected beyond the mandrel. In a 
preferred embodiment,, a region of the tubular members beyond the mandrel is 
pressiirized. In a prefiOTed embodiment, the r^on of the tubular members 
beyond the mandrel is pressurized to inressures ranging firom about 500 to 9,000 
5 psi. In a preferred embodiment, the first tubular member comprises a 

production casing. In a preferred CTibodiment, the contact between the first 
tubular member and the outer casing is sealed. In a preferred embodiment, the 
contact betwe^ the second tubular member and the outer casing is sealed. In a 
preferred embodiment^ the expanded first tubular member is supported using 
10 Oie outer casing. In a preferred embodiment, the expanded second tubular 
member is supported using the outer casing. In a prefored embodiment, the 
integrity of the seal in the contact between the first tubular member and the 
outor casing is tested. In a prefmed ^nbodiment^ the integrity of the seal in 
the contact betweot the second tubular member and the outer casing is tested. 
15 In a preferred embodiment, the mandrel is cau|^t upon the completion of the 
extruding. In a preferred embodiment, the mandrel is drilled out In a 
preferred embodiment, the mandrel is supported with coiled tubing. In a 
prrferred embodimrat^ the mandrel is coupled to a drillable shoe. 

An apparatus has also been described that includes an outer tubular 
20 member, and a plurality of substantially^ concentric and overlapping inner 
tubular members coupled to the outer tubular member. Elach inner tubular 
member is supported by contact pressure between an outer surface of the inner 
casingandaninnersurfaceof the outer inner tubular member. Inapreferred 
embodimmt, the outer tubular mmbv has ayield strength ranging from about 
25 40,000 to 135,000 pcd. In a preferred «ibodiment, the outo* tubular member 
has a burst stroigth ranging firom about 5,000 to 20,000 psi. Inaprefored 
embodiment, the contact pressure between the inner tubular members and the 
outer tubular member ranges from about 500 to 10,000 psi. Inapreferred 
embodiment, one or more of the inner tubular mranbera include one or more 
30 sealing members that contact with an inner surface of the outer tubular 
member. In a preferred embodiment, the sealing members are selected from 
the group consisting of rubber, lead, plastic, and epoxy. 
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An apparatus has also been described that includes an outer tubular 
member, and a plurality of substantially conceatric inner tubular members 
coupled to the interior surface of the outer tubular member by the process of 
expanding one or more of the inner tubular members into contact with at least 
5 aportionof the interior surface of the outer tubular member. In a preferred 
embodiment, the inner tubular members are expanded by extruding the inner 
tubular members off of a mandrel. In a preferred embodiment, the inner 
tubular members are e:q>anded by the process of: placing the inner tubular 
memb^ and a mandrel within the outer tubular member; and pressurizing an 
10 interior portion of the inner casing. In a preferred embodiment, during the 
pressiirizing, the interior portion of the inner tubular member is fluididy 
isolated from an exterior portion of the inner tubular member. In a preferred 
embodiment, the interior portion of the inner tubular member is pressurized at 
pressures ranging from about 500 to 9,000 psL In a preferred embodim^it, the 
15 ^paratus fiirther includes one or more seals positioned in the interface 
between the inner tubular members and the outer tubular member. In a 
preferred embodiment, the inner tubular members are supported by their 
contact with the outor tubular member. 

A wellbore casing has also been described that includes a first tubular 
20 member, and a second tubular member coupled to the first tubular member in 
an overlapping relationship. The inner diameter of the first tubular member is 
substantially equal 4o the inner diameter of the second tubular m^nber. In a 
preferred embodiment, the first tubular member includes a first fcHin wall 
section, wherdn the second tubular member indudes a second thin wall section, 
25 and wherein the first tkdn wall section is coupled to the second thin wall 
section. In a preferred embodiment, first and second thin wall sections are 
deformed. In a prrfened embodiment, the first tubular niember indudes a first 
compressible manborcou|ded to the first thin wall section, and herein the 
second tubular member indudes a second cominessible member coupled to the 
30 second thin wall section. In a preferred emJiodiment, the first thin wall section 
and the first con^>re88ible member are coupled to the second thin wall section 
and the second compressible member. In a preferred embodiment, the first 
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and second thin wall sections and the first and second compressible members 
are deformed . 

A wellbore casing has also been described that includes a tubular 
member including at least one thin wall section and a thick wall section, and 
5 a compressible annular member coupled to each thin wail section. In a 
preferred embodiment, the compressible annular member is fabricated firom 
materials selected from the group consisting of rubber, plastic, metal and epoxy. 
In a prefored embodiment^ the wall thieime«n of the thin wall section ranges 
from about 50 to 100 %ofthewaU thickness ofthe thick wall section. In a 

10 preferred embodiment, the l^igth ofthe thin wall section ranges from about 
120 to 2400 inches. In a preferred embodiment, the compressible annninr 
member is positioned along the thin wall section. In a preferred embodiment^ 
the compressible annular member is positioned along the thin and thidc wall 
sections. In a preferred embodiment, the tubular member is fabricated from 

15 materials sheeted from the group consisting of oilfield country tubular goods, 
stainless steel, low alloy steel, carbon steel, automotive grade steel, plastics, 
fiberglass, hi^ strength and'or deformable materials. In a preferred 
embodiment, the wellbore casing includes a first thin wall at a first end of the 
casing, and a second thin wall at a second end of the casing. 

20 A method of creating a casing in a borehole located in a subterranean 

formation has also been described that includes supporting a tubxilar liner and a 
mandrel in the borehole usinga support member, ii^ecting fluidic material into 
the borehole^ pressurizing an interior region.of the mandrel, displacing a 
portion ofthe mandrel relative to the support member, and radially expanding 

25 the tubular liner* In a preferred onbodiment, the injectiiig includes ii^ecting 
hardenable fluidic sealing nuitmal into an gntmiar r^on located between the 
borehole and the exterior of the tubular liner, and injecting non hardenable 
fluidic matoial into an interior region ofthe mandrel. In a preferred 
embodimrat, the method further indudes fluidic^ isolating the annular region 

30 fi^m the interior region before injecting the non hardraable fluidic material 
into the interior region of the mandrel. In a preferred embodiment, the 
injecting ofthe hardenable fluidic sealing material is provided at operating 
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pressures and flow rates ranging from about 0 to 5.000 pei and 0 to 1,500 
gaUona/min. In a preferred embodimwit, the ii^ecting of the nonhardeiable 
fluidic materia] is provided at operating pressures and flow rates ranging from 
about 500 to 9.000 pd and 40 to 3.000 gaUonsMiia. In a preferred embodiment, 
5 the iiyecting of the non hardenable fluidic material is provided at reduced 
operating pressures and flow rates during an end portion of the radial 
expansion. In a preferred embodiment, the fluidic material is injected into one 
or more pressure diambers. In a preferred embodiment, the one or more 
pressure chambers are pressurized. In a preferred embodiment, the pressure 
10 chambers are pressurized to pressures ranging from about 500 to 9,000 psi. In 
a i»«ferred embodiment, the method further indud^ fluidicly isolating an 
interior region of the mandrel from an exterior region of the mandrel. In a 
preferred embodiment, the interior region of the mandrel is isolated from the 
region exterioT to the mandrel by inserting one or mor« plugs into the iiuected 
15 fluidic materiaL In a preferred embodiment, the method furtho- includes 
curing at least a iMrtaon of the fluidic material, and removing at least a portion 
of the cured fluidic material located within the tubular liner. In a preferred 
embodiment, the method further includes overlapping the tubular liner with an 
existing wdlbore casing. In a preferred embodimeat, the method furtho' 
20 includes sealing the overlap between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method Airther includes supporting the 
extruded tubular liner using the overhip with the existing wellbore casing. In a 
preferred embodiment, the method frirther indaiMBg the integrity of the seal in 
the overlap between the tubular liner and the existing weUbore casing. In a 
25 preferred embodimoit. the method further indudes removing at least a portion 
of the hardenable fluidic sealing material witiiin the tubular liner before curing. 
In a preferred embodunent, the method further indudes lubricating the surface 
of the mandrel. In a preferred embodimoit. the method further indudes 
absorbing shock. In a preferred onbodimait, the method further indudes 
30 catching the mandrel upon the completion of the extruding. In a preferred 
embodimmt, the method further indudes drilling out the mandrd. In a 
preferred embodimait, the method further indudes supporting the mandrel 
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with coiled tubing. In a preferred embodiment, the mandrel redprocatea. In a 
preferred embodiment,, the mandrel is displaced in a first direction during the 
pressurization of the interior region of the mandrel, and the mandrel is 
displaced in a second direction during a de-pressurization of the interior region 
5 of the mandrel- In a preferred embodiment, the tubular liner is maintained in a 
substantially stationary position during the pressurization of the interior region 
of the mandrel. In a preferred embodiment, the tubular liner ia supported by 
the mandrel during a de-pressurization of the interior region of the mandrel. 
A wellbore casing has also been described that includes a first tubular 
10 member having a first inside diameter, and a second tubular member having a 
second inside diameter substantially equal to the first inside diameter coupled 
to the first tubular member in an overlapping relationship. The first and 
second tubular members are coupled by the process of deforming a portion of 
the second tubular member into contact with a portion of the first tubular 
15 member. In a preferred embodiment, the second tubular member is deformed 
by the process of pladng the first and second tubular membos in an 
overtyping rdatton ship, radially expanding at least a portion of the first 
tubular member, and radially expanding the second tubular m&nber. In a 
preferred embodiment, the second tubular member is radially expanded by the 
20 process of supporting the second tubulsr member and a mandrel within the 
wellbore using a support member, injecting a fluidic material into the wellbore, 
pressurizing an interior region of the mandrel, and displacing a portion of the 
mandrel relative to the support memb^. In a preferred embodiment, the 
ii^jectang includes iiyecting hardenable fluidic sealing matmal into an annular 
25 region located between the borehole and the exterior of the second liner, and 
injecting non hardenable fluidic material into an interior region of the mandrel. 
In a preferred embodimott^ the wellbore casing further includes fluididy 
isolating the annular region firom the interior region of the mandrd bdbre 
iiuecting the non hardenable fluidic material into the interior region of the 
30 mandreL In a preferred embodiment, the ii^jecting of the hardenable fluidic 
sealing material is provided at operating pressures and flow rates ranging from 
about 0 to 5,000 psi and 0 to 1,500 gallons/min. In a preferred embodiment, the 
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injectiiig of the noQ hardenable fluidic material ia provided at opmting 
pressures and flow rajbes ranging from about 500 to 9,000 psi and 40 to 3,000 
gallona/min. In a preferred embodiment, the injecting bf the non hardenable 
fluidic material is provided at reduced operating pressures and flow rates 
5 during an end portion of the radial expansion* In a preferred embodiment, the 
fluidic material is ii^ected into one or more pressure chambers. In apreferred 
enibodiment, one or more pressure chambers are iK^ssurized. In a preferred 
embodiment, the pressure chambers are pressurized to pressures ranging from 
about 500 to 9,000 psi. In a preferred embodiment, the wellbore casing further 
10 includes fluididy isolating an interior region of the mandrel fit>m an exterior 
region of the mandrel. In a preferred embodiment, the interior r^on of the 
mandrel is isolated from the region exterior to the mandrel fay inserting one or 
more plugs into the ii\jected fluidic material. In a preferred embodiment, the 
wellbore casing further includes curing at least a portion of the fluidic material, 
15 and removing at least a portion of the cured fluidic material located within the 
second tubular liner. In a preferred embodim^t, the wellbore casing further 
includes sealing the overlap between the first and second tubular liners. In a 
prrferred embodiment, the wellbore casing farther includes supporting the 
second tubular liner using the overlap with the first tubular liner. In a 
20 preferred embodiment, the wellbore casing further indtades testing the 

integrity of the seal in the overlap between the first and second tubular liners. 
In a preferred embodiment, the wellbore casing further indudes removing at 
least a portion of the hardenable fluidic sealing mat^ial within the second 
tubular liner before curing. In a preferred onbodiment, the wellbore casing 
25 further indudes lubricating the surface of the mandrel. In a preferred 
embodimoit, the wellbore casing further indudes absorbing shodL In a 
preferred embodiment, the wellbore casing further indudes catching the 
mandrel upon the completion of the radial expansion. In a preferred 
embodiment, the wellbore casing further indudes drilling out the mandrd. In a 
30 preferred embodiment, the wellbore casing further indude supporting the 
mandrel with coiled tubing. In a prefCTred CTibodiment, the mandrel 
redprocates. In a preferred embodiment, the mandrel ia displaced in a first 
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direction during the pressurization of the interior r^on of the mandrel; and 
wherein the mandrel is displaced in a second direction during a de- 
pressurization of the interior region of the mandrel. In a preferred 
embodiment^ the second tubular liner is maintained in a subatantiaUy 
5 stationary poaitioa during the pressurization of the interior region of the 
mandrel. In a preferred embodiment, the second tubular liner is supported by 
the mandrel during a de-pressurization of the interior region of the mandrel. 

An apparatus for expanding a tubular member has also been described 
that includes a support memba including a fluid passage, a mandrel movably 
10 coupled to the support member including an expansion cone, at least one 
pressure chamber defined by and positioned betwera the support member and 
mandrel fluididy coupled to the first fluid passage, and one or more releasable 
supports coupled to the support m^nber adapted to support the tubular 
member. In a preferred embodiment, the fluid passage indudes a throat 
15 passage having a reduced inner diameter. In a p r ef erred embodiment, the 
mandrel indades one or more annular pistons. In a preferred embodiment, the 
apparatus indudes a plurality of pressure chambers. In a preferred 
embodiment, the pressure chambers are at least partially defined by annular 
pistons. In a preferred embodimati the releasable supports are positioned 
20 below the mandrel. In a preferred embodiment, the rdeasable supports are 
positioned above the mandrel. In a preferred embodiment^ the releasable 
supports comprise hydraulic slips. In a preferred embodiment, the releasable 
supports comprise me chan i cal alips. In a preferred embodiment, the rdeasable 
supports conqiriBe drag blodm. In a pr p fm ^A omivMKwiw it, t\^^ tn«^ n drp! 
25 indudes one or more annular pistons, and an expanaion cone coupled to the 
annular pistons. In a preferred embodiment, one or more of the annular 
pistons indude an expansion cone. In a preferred embodiment, the pressure 
chambers comprise «nt>tilar pressure chambers. 

An apparatus has also been described that indudes one or more solid 
30 tubular members, each solid tubular member induding one or more external 
seals, one or more slotted tubular members coupled to the solid tubular 
members, and a shoe coupled to one of the slotted tubular members. In a 
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preferred embodiment, the apparatus fiirther includes one or more 
intermediate solid tubular menibera coupled to and interleaved among the 
slotted tubular memben, each intermediate solid tubular member including 
one or more external seals. In a preferred embodiment, the apparatus further 
6 includes one or more vaWe members. In a preferred embodiment, one or more 
of the intennediate solid tubuhir members include one or more vahre members. 

A method of joining a second tubular member to a first tubular member, 
the first tubular membQ> having an inner diameter greater than an outer 
diameter of the second tubular member, has also been described that includes 
10 positioning a mandrel within an interior region of the second tubular member, 
pressurizing a portion of the interior region of the mandrel, displacing the 
mandrel relative to the second tubular member, and extruding at least a portion 
of the second tubular member ofif of the mandrel mto engagement mth the first 
tubuhu- member. In a preferred embodiinent, the pressuriziiig of the portion of 
15 the interior region of the mandrd is provided a* operating pressures ranging 
from about 600 to 9,000 psi. In a preferred embodiment, the pressurizing of the 
portion of the intoior region of the mandrel ia provided at reduced operating 
pressures during a latter portion of the ertnidbg. In a preferred embodiment, 
the method fiirther indudea sealing the interfiice between the first and second 
20 tubular members. In a preferred embodiment, the method further includes 
supporting the extruded second tubular member using the interface with the 
Gist tubular member. In a preferred embodiment, the method fiirther includes 
lubricating the surface of the mandreL In a preferred embodiment, the method 
fiirther includes absorbing shock. In a preferred embodiment, the method 

25 further includes positioning the first and second tubular members in an 
overhqjping relationship. In a preferred embodiment, the method fiirther 
includes fluididy isohUing an mt«ior region of the mandrel an exterior region 
of the mandreL In a preferred embodiment, the int^ior region of the mandrel 
is fluidicljr isokted from the region exterior to the mandrel by ii^ecting one or 

30 more plugs mto the interior of the mandreL In a preferred embodunent, the 
pressurizing of the portion of the interior region of the mandrel is provided by 
injecting a fluidic material at operating pressures and Dow rates ranging from 
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about 500 to 9,000 psi and 40 to 3,000 galloxis/minute. In a preferred 
embodiment^ the method further includes injecting fluidic materia] beyond the 
mandrel. In a preferred embodiment, one or more pressure chambers defined 
by the mandrel are pressurized. In a preferred ^nbodiment, the pressure 
5 chambers are pressurized to pressures ranging firom about 500 to 9,000 psi. In 
a preferred embodiment, the first tubular member comprises an existing section 
of a wellbore. In a preferred embodiment, the method further includes sealing 
the interface between the first and second tubular members. In a preferred 
embodiment^ the method further includes supportrng the extruded second 

10 tubular member using the first tubular member. In a prrfcrred ornhnfiitq^pt, 
the method f^urther includes testing the integrity of the seal in the interface 
between the first tubular member and the second tubular member. In a 
preferred onbodiment^ the method further indudea catching the mandrel upon 
the conqdetion of the extruding. In a preferred embodiment, the method 

15 further includes drilling out the mandrel. In a preferred embodiment^ the 
method further include supporting the mandrel with coiled tubing. In a 
preferred embodiment^ the method further includes coujding the mandrel to a 
driUable shoe. In a preferred aobodiment, the mandrel is displaced in the 
longitudinal direction. In a preferred embodiment, the mandrel is displaced in 

20 a first direction during the pressurization and in a second direction during a de- 
pressurization. 

An apparatus haa also been described that includes one or more primary 
solid tubulars, each primary solid *iihti? «r including one or more external 
annular seals, n slotted tubulara coupled to the primary solid tubulars, n-1 

25 intermediate solid tubidara coupled to and interieanred among the slotted 
tubulara, each intermediate solid tubular including one or more extmial 
annular seals, and a shoe coupled to one of the slotted tubulars. 

A method of isolating a first subterranean zone from a second 
subterranean zone in a wellbore has also been described that includes 

30 positioning one or more primary solid tubulars within the wellbore, the primary 
solid tubulars traversing the first subterranean zone, positioning one or more 
slotted tubulars within the wellbore, the slotted tubulars traversing the second 
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subterranean zone, fluididy coupling the slotted tubulars and the solid 
tubulaiB, and preventing the passage qf fluids from the first subterranean zone 
to the second subterranean zone within the wellbore egctemal to the solid and 
slotted tubulars: 

5 A method of extracting materials from a producing subterranean zone in 

a wellbore, at least a portion of the wellbore induding a casing, has also been 
described that indudes pcraitioning one or more priniaty solid tubulars within 
the wellbore, fluididy coupling the primary solid tubulars with the casing, 
positioning one or more slotted tubulars within tiie wellbore, the slotted 
10 tubulars traversing the produdng subterranean zone, fluididy coupling the 
slotted tubulars with the soUd tubulars, fluididy isolating the producing 
subterranean zone bom at least one other subterranean zone within the 
wellbore, and fluididy coupling at least one of the slotted tubulars from the 
producing subterranean zone* In a pr^erred embodiment, the method further 
15 indudes controUably fluididty decoupling at least one of the slotted tubulars 
from at least one other of the slotted tubulars. 

A method of creating a casing in a borehole while also drilling the 
borehole also has been described that indudes installing a tubular liner, a 
mandrd, and a drilling assemb^ in the borehole. A fluidic material is injected 
20 within the tubular liner, mandrel and drilling assembly. At least a portion of 
the tubular liner is radially expanded while the borehole is drilled using the 
drilling assembly. In a preferred embodiment, the ii\jecting indudes injecting 
the flmdic matmal within an expandable chamber. In a preferred embodiment, 
the ii^ecting indudes injecting hardenable fluidic sealing material into an 
25 annular r^on located between the borehole and the exterior of the tubular 
hner. In a preferred embodiment, the injecting of the hardenable fluidic sealing 
material is provided at operating pressures and flow rates ranging from, about 0 
to 5,000 psi and 0 to 1,500 gailons/min. In a preferred embodiment, the 
injecting of the fluidic material is provided at operating pressures and flow rates 
30 ranging from about 500 to 9.000 psi and 40 to 3,000 giadlons/min. In a preferred 
embodiment, the injecting of the fluidic material is provided at reduced 
operating pressures and flow rates during an end portion of the radial 
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expansion. In a prefen^ embodiment, the method fur^ * 
least a portion q{ the fliiidic matoriai; and removing at least a portion of the 
cured fluidic material located within the tubular liner. In a preferred 
embodiment, the method further includes overl^ping the tubular liner with an 
5 existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the overlap between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method furtherindudes supporting the 
extnided tubular liner using the overlap with the existing well^ Ina 
preferred embodiment,.the-method further includes testing the integrity of the 
10 seal in the overlap between the tubular liner and the existing weaborecasm^^ 
In a preferred embodiment, the method further includes lubricating the surface 
of the mandrel. In a prefmed embodiment, the method further indudes 
absorbing shock. In a prefehred enibodiment, the method further indudes 
catching the mandrel upon the completion of the extruding. In a preferred 

15 embodiment, tile method further indudes expanding the mandrd in a radial 
direction. In a preferred embodiment, the method further indudes drilling out 
the mandrel In a preferred embodiment, the metiiod further indudes 
supporting the mandrel with coUed tubing. In a preferred embodiment, the 
wall thickness of the tubular member is variable. In a preferred embodiment, 

20 the mandrel is coupled to a drillable shoe. 

An apparatus has also been described that indudes a support member, 
the support membw induding a first fluid passage; a mandrel coupled to the 
support member, the nundrel induding: a second fluid passage; a tubular 
member coupled to the mandrd; and a shoe coupled to the tubular liner, the 

25 shoe induding a third fluid passage; and a drilling assembly coupled to the shoe; 
wherein the first, second and third fluid passages and the drilling assembly are 
operably coupled. In a preferred embodiment, the support member further 
indudes: a pressure relief passage; and a flow control vahre coupled to the first 
fluid passage and the pressure relief passage- In a preferred embodiment, the 

30 supportmember further indudes a shock absorber. In a preferred embodiment, 
the support member iiidudes one or more sealing members adapted to prevent 
foreign material fi-om entering an interior region of the tubular member. In a 
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preferred embodiment, the support monber includes one or more stabilizers. 
In a prefecred embodiment, the mandrel is expandable. In a preferred 
embodiment, the tubular mmber is fatoicated from matmais selected from the 
group consisting of Oilfield Countiy Tubular Goods, automotive grade steel, 
5 plastic and chromium steeL In a preferred embodiment, the tubular member 
has inner and outer diameters ranging from about 0.75 to 47 inches and 1.05 to 
48 inches, respectively. In a preferred embodiment, the tubular member has a 
phtttic yield point ranging from about 40,000 to 135,000 psL In a preferred 
embodiment, the tubular monber includes one or mora sealing members at an 
10 end portion. In a preferred embodiment, the tubular member includes one or 
more pressure relief holes at an end portion. In a preferred embodiment, the 
tubuho- member includes a catching member at an end portion for slowing 
down movement of the mandrel In a preened embodiment, the support 
member comprises cofled tubing. In a preferred embodiment, at least a portion 
15 of the mandrel and shoe are driUable. In a preferred embodiment, the waU 
thickness of the tubular member in an area adjacent to the mandrel is less than 
the waU thickness of the tubular member in an area that is not adjacent to the 
mandrel In a prefenred embodun^it, tiie anparatua fiirther includes an 
expandable chamber. In a preferred embodiment, the expandable chamber is 
20 approximately qdindrical In a preferred embodiment, the expandable 
chambw is appnmmatd^ annular. 

A method of forming an underground pipeline within an imderground 
tunnel including at least a first tubukr member and a second tubular member, 
the first tubular membo* having an inno- diameter greater than an outer 
25 <Iiametar of the second tubular member, has also been described Uiat includes 
positioning the first tiibular member witiiin Uie tunnel; positioning the second 
tubular member within the tunnel in an overlapping relationship with Uie first 
tubular member, positioning a mandrel and a drilling assembly within an 
interior region of the second tubular member, ii^ecting a fluidic material within 
30 tiie mandrel, drilling aasembly and the second tubular manbo^ extruding at 
least a portion of the second tubular membv off of tiie mandrel into 
engagement with the first tubular member, and drilling the tunnel In a 
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preferred embodiment, the kjecting of the fluidic material is provided at 
operating pressures ranging^frpm about 600 to 9,000 pal In a preferred 
embodiment, the injecting of the fliiidic material is provided at reduced 
operating pressures during a latter portion of the extruding. In a preferred 
5 embodiment^ the method further includes sealing the interface between the 
Grst and second tubular members. In a prefixed embodiment, the method 
further includes supporting the extruded second tubular member using the 
interface with the first tubular member. In a preferred embodiment^ the 
method further includes lubricating the surface of the mandreL In a preferred 

10 embodiment, the method further includes absorbing shock. Inaprefored 
embodiment^ the method further includes expanding the mandrel in a radial 
direction. In a preferred embodiment, the method further indudesealing the 
interface between the first and second tubular members. In a preferred 
embodiment^ the method further includes supporting the extruded second 

15 tubular member using the first tubular member. In a preferred embodiment, 
the method* further includes testing the integrity of the seal in the int^ace 
between the first tubular member and the second tubular member. In a 
preferred embodiment^ the method further includes catching the mandrel upon 
the completion of the extruding. In a preferred embodiment, the method 

20 further includes drilling out the mandrel. In a preferred embodiment, the 
method further includes supporting the mandrel with coiled tubing. In a 
preferred embodiment, the method further includes coupling the mandrel to a 
drillable shoe. In a preferred embodiment, the fluidic material is injected into 
an ex pan d ab le chamber. In a preferred embodiment, the expandable chamber 

25 is substantially cylindricaL In a preferred embodiment, the expandable 
chamber is substantially annular. An apparatus has also been described 
that includes a wellbore, the wellbore formed by the process of drilling the 
wellbore; and a tubular liner positioned within the wellbore, the tubular liner 
formed by the process of extruding the tubular Un&r ofif of a mandrel while 

30 drilling the weUbore. In a preferred embodiment, the tubidar liner is formed by 
the process of: placing the tubular liner and mandrel within the wellbore; and 
pressurizing an interior portion of the tubular liner. In a preferred ' 
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embodiment, the interior jwrtion of the tubular liner is pressurized at pressures 
ranging firom ahout 500 to 9^000 psL . In a preferred embodiment^ the tubular 
liner is formed by the process of: placing the tubular liner and mandrel within 
the wellbore; and pressurizing an interior portion of the mandrel • In a 
5 preferred embodiment^ the interior portion of the mandrel is pressurized at 
pressures ranging from about 500 to 9.000 psi. In a preferred embodiment, the 
apparatus further includes an annular bo^y of a cured fhiidic material coupled 
to the tubular linar. In a preferred embodiment, the annular bo^y of a cured 
fluidic sealing material is formed by the process of: iiqecting a body of 
10 hardenable Ouidic sealing material into an annular region external of ttie 
tubular liner. In a preferred embodiment, the tubular liner overlaps with an 
existing wellbore casing. In a preferred embodiment, the apparatus further 
includes a seal positioned in the overb^) between the tubular liner and the 
existing wellbore casing. In a preferred embodiment, the tubular liner is 
15 supported by the overlap with the eriatingweUbore casing. Inapreferred 
embodiment, the process of extruding the tubular liner includes the 
pressurizing of an expandable chamber. In a preferred embodiment, the 
expandable chamber is substantially cylindrical. In a preferred embodiment, 
the expandable chamber is substantially annular. 
20 A method of forming a wellbore casing in a wellbore has also been 

described that includes drilling out the wellbore while forming the wellbore 
casing. In a prefemd embodiment, the forming includes: expanding a tubular 
member in the radial direction. In a prrferred embodiment, the expanding 
includes: displacing a mandrel relative to the tubular member. In a preferred 
25 embodiment, the displacing indudes: expanding an expandable chamber. In a 
preferred embodimoit, the expandable chamber comprises a cylindrical 

chamber. In a prefored embodiment, the expandable charabo- comprises an 
annular chamb^. 

A method of expanding a tubular monber has also been described that 
30 includes placing a mandrel within the tubular memb^, pressurizing an annular 
region within the tubular member, and displacing the mandrel with respect to 
the tubular member. In a preferred embodiment, the method further includes 
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removing fluids within the tubular member that are displaced by the 
displacement of the mandrel. In a preferred embodiment, the removed fluids 
pass inside the annular region. In a preferred embodiment, the volume of the 
annular region increases. In a preferred embodiment, the method further 
5 includes sealing off the annular region. In a preferred embodiment, sealing off 
the annular r^on includes sealing a stationary member and sealing a non- 
stationary member. In a preferred embodiment, the method further includes 
conveying fluids in opposite directions. In a preferred embodiment, the method 
further includes conveying a pressurized fluid and a non^i^essurized fluid in 
10 opposite directions. In a preferred embodiment, the pressurizing is provided at 
operating pressures ranging from about 0 to 9,000 psi. In a preferred 
embodiment, the pressurizing is provided at flow rates ranging from about 0 to 
3,000 gallons/minute. 

A method of coupling a tubular member to preexisting structure has also 
15 been described that includes positioning the tubular member in an overiapping 
relationship to the preexisting structure, placing a mandrel within the tubular 
member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubular member. Inapreferred 
embodiment, the method further includes removing fluids vrithin the tubular 
20 member that are displaced by the displacement of the mandrel. Inapreferred 
embodiment, the removed fluids pass inside the annular region. In a preferred 
embodiment, the volume of the annular region increases. In a preferred 
embodiment, the method further indudes sealing oflf the annular r«^ Ina 
preferred embodiment^ sealing off the annular r^on includes sealing a 
25 stationary membor and sealing a non-stationaiymonber. Inapreferred 
embodiment, the method further includes conveying fluids in opposite 
directions. In a preferred embodiment, the method further includes conveying 
a pressurized fluid and a non-pressurized fluid in opposite directions. In a 
preferred embodiment^ the pressurizing is provided at operating pressures 
30 ranging from about 0 to 9,000 psi. In a preferred embodiment, the pressurizing 
is provided at flow rates ranging from about 0 to 3,000 gallonsAninute. 
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A method of repairing a defect in a preexisting structure using a tubular 
member has also been, described that includes positioning the tubular member 
in an overlapping rdationship to the defect in the preexisting structure, placing 
a mandrel within the tubidar member, pressurizing an annular r<^on within 
5 the tubidar member, and displadng the mandrel with respect to the tubular 
member. In a preferred embodiment, the method further includes rmoving 
fluids within the tubular member that are displaced by the displacement of tiie 
mandreL In a preferred embodiment, the removed flidda pass inside the 
annular region. In a preferred embodiment^ the volume of the annular region 

10 increases. In a preferred «dx>diment, the method further includes sealing off 
the annular r^on. In a preferred embodiment, sealing off the annular r^on 
includes sealing a stationaiy member and sealing a non*stationary member. In 
a preferred embodiment, the method further includes conveying Quids in 
opposite directions. In a preferred embodiment, the method further includes 

15 conveying a pressurized fluid and a non-pressurized fluid in opposite directions. 
In a preferred embodiment, the pressurizing is provided at operating pressures 
ranging from about 0 to 9,000 psi. In a prrferred embodiment, the pressurizing 
is provided at flow rates ranging &om about 0 to 3,000 gallons/minute. In a 
preferred embodiment, the method further includes sealing the interface 

20 between the preexisting structure and the tubular member at ends of the 
tubular member. 

An apparatus for radially expanding a tubular member has also been 
described that includes a first tubular member, a second tubular mmiber 
positioned within the first tubular member, a third tubular member movably 

25 coupled to and positioned within the second tubular member, a first annular 
sealing member for sealing an interface between the first and second tubular 
members, a second annular sealing member for sealing an interface between 
the second and third tubular members, and a mandrel positioned within the 
first tubular member and coupled to an end of the third tubular member. In a 

30 preferred CTobodiment, the apparatus further includes an annular chamber 
defined by the first tubular member, the second tubular member, the third 
tubular member, the first annular sealing member, the second annular sealing 
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member, and the mandrel. In a preferred embodiment, the apparatus further 
indudes an annular passage.defined by the .second tubular memb^ and the 
third tubular member. In a preferred embodiment, the q>paratus further 
indudes a fluid passage contained within the third tubular member and the 
5 mandrel. In a preferred embodiment, the ^paratus further indudes one or 
more sealing members coupled to an extoior surface of the first tubular 
member. In a prderred embodiment, the ^paratua further indudes an 
annular diamber deGned by the first tubular membo*, the second tubular 
member, the third tubular membcar, the first annular sealing member, the 
10 second annular aealing member, and the mandrel, and annular passage defined 
by the second tubular member and the third tubular member. In a preferred 
embodiment, the annular chamber and the annular passage are fluididy 
coupled. In a preferred embodiment, the apparatus further indudes one or 
more slips coupled to the exterior surfiace of the first tubular member. In a 
15 preferred embodiment, the mandrel indudes a conical surface. In a pre f eri-ed 
embodiment, the angle of attack of the conical surface ranges icom about 10 to 
30 degrees. In a preferred embodiment, the conical surface has a surface 
hardness ranging firom about 58 to 62 Rm^ell C. 

An apparatus has also been described that indudes a tubular member, a 
20 piston adapted to expand the diameter of the tubular member positioned within 
the tubular member, the piston induding a passage for conveying fluids out of 
the tubular member, and an annular chamber defined by the piston and tubular 
member. In a prefenred embodiment, the piston indudes a conical surface. In a 
preferred embodiment, the angle of attack of the conical surface ranges from 
25 about 10 to 30 degrees. In a prefored embodiment, the conical surface has a 
surface hardness ranging from about 58 to 62 RockweU C. In a preferred 
embodiment, the tubular membo- indudes one or more sealing membm 
coupled to the exterior surface of the tubular member. 

A weUbore casing has also been described that indudes a first tubular 
30 member and a second tubular member coupled to the first tubular member. 
The second tubular member is coupled to the first tubular member by the 
process of positioning the second tubular member in an overlapping 
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relationship to the first tubular member, placing a mandrel within the second 
tubular member. presauriziBg an annular region within the second tubular 
member, and displacing the mandrel with respect to the second tubular 
member. In a preferred embodiment, the wellbore casing further includes 
5 removing fluids within the second tubular member that are displaced by the 
displacement of the mandrel. In a preferred embodiment, the removed fluids 
pass inside the annular region. In a preferred embodiment, the volume of the 
annular region increases, Ih a preferred embodiment, the wellbore casing 
further includes sealing off the annular region. In a preferred embodiment, 
10 sealing off the annular region includes sealing a stationary member and sealing 
a non-stattonaxy member. In a preferred embodiment, the wellbore casing 
further including conveying fluids in opposite directions. In a preferred 
embodiment, the wellbore casing further includes conveying a pressurized fluid 
and a non-pressurized fluid in opposite directions. In a prefwred embodiment. 
15 the pressurizing is provided at operating pressures ranging from about 0 to 
9,000 psi. In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallons/minute. 

An apparatus has also been described that includes a preexisting 
structure and a tubular member coupled to the preexisting structure. The 
20 tubular member is coupled to the preexisting structure by the process of: 
positioning the tubular member in an overlapping relationship to the 
preexisting structure, pladag a mandrel within the tubular m^nber, 
pressurizing an annular region within the tubular member, and displacing the 
mandrel witii respect to the tubular member* In a preferred embodiment, the 
25 apparatus further includes removing fluids within the tubular member that are 
displaced by the displacement of the mandrel. In a preferred embodiment, the 
removed fluids pass inside the annular region. In a preferred embodiment, the 
volume of the annular region increases. In a preferred embodiment, the 
apparatus further includes sealing off the annular region. In a preferred 
30 embodiment, sealing off the annular region includes sealing a stationary 

member and sealing a non-stationary member. In a preferred embodiment, the 
apparatus further includes conveying fluids in opposite directions. In a 
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preferred embodimenti the apparatus further includes conveying a pressurked 
fluid and a non-pressuzized fluid in opposite directions. In a preferred 
embodinient^ the pressurizing is provided at operating pressures ranging from 
about 0 to 9,000 psL In a preferred embodiment, the pressurizing-^ provided at 
5 flow rates ranging from about 0 to 3,000 gallons/minute. 

An apparatus has also been described that includes a preexisting 
structure having a defective portion and a tubular member coufded to the 
defective portion of the preexisting structure. The tubular member is coupled 
to the defective portion of the preexisting structure by the process of: 

10 positioning the tubular member in an overiapping relationship to the defect in 
the preexisting structure, pladng a mandrd within the tubular member, 
pressurizing an annular region within the tubular member, and WiflpiniTng the 
mandrel with respect to the tubular member. In a preferred embodimmt, the 
apparatus further includes r^noving fluids within the tubular monber ft ^^t are 

IS displaced 1^ the displacement of the mandrel. In a prrferred embodiment, the 
removed fluids pass inside the annular region. In a preferred embodiment, the 
volume of the annular region increases. In a |ge f erred embodiment, the 
apparatus ftirther includes sealing o£f the anmilAy region. In a prefer r e d 
embodiment, sealing off the annnjuT region includes sealing a stationary 

20 member and sealing a non^tationary member. In a preferred embodiment, the 
apparatus furth^ includes conveying fluids in opposite directions. In a 
preferred embodinrnth the apparatus further includes conveying a pressurized 
fluid and a non-pressurized fluid in opposite directions. In a preferred 
embodiment, the pressurizing is provided at operating pressures ranging from 

25 about 0 to 9,000 psi. In a prrferred embodiment, the pressurizing is provided at 
flow rates ranging frt)m about 0 to 3,000 gallons/minute. In a preferred 
embodiment, the apparatus further includes sealing the interface between the 
preexisting structure and the tubular member at ends of the tubular member. 
A method of expanding a tubular member has also been described that 

30 includes placing a mandrel within the tubular memb^, pressurizing a region 
within the tubular member, and displacing the mandrel with respect to the 
tubular member. In a preferred embodiment, the pressurizing is provided at 
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operating pressures ranging from about 0 to 9,000 psi. In a preferred 
embodiment* the pressurizing is provided at flow rates ranging from about 0 to 
3,000 gallonaAmnute. In a preferred embodiment, the tubular member is 
expanded b^;inning at an upper portion of the tubular member. ■ 
5 A method of coupling a tubular member to preexisting structure has also 

been described that includes positioning the tubular member in an overlapping 
relationship to the preexisting structure, placing a mandrel within the tubuhu- 
member, pressurizing an interior region within the tubular member, and 
displacing the mandrel with respect to the tubular member. In a preferred 

10 embodiment, the pressurizing ia provided at operating pressures ranging from 
about 0 to 9,000 psi. In a preferred embodiment, the pressurizing is provided at 
flow rates ranging from about 0 to 3,000 gaUona/minute. In a preferred 
embodiment, the tubular member is expanded beginning at an upper portion of 
the tubular member. 

15 A method of repairing a defect in a preexisting structure using a tubular 

member has also been described that includes positioning the tubular member 
in an overlapping relationship to the defect in the preeziating structure, placing 
a mandrel within the tubular member, pressurizing an interior region within 
the tubular member, and displacing the mandrel with respect to the tubular 

20 member. In a preferred embodiment, the pressurizing is provided at operating 
pressures ranging from about 0 to 9,000 psi In a preferred embodiment, the 
pressurizing is provided at flow rates ranging from about 0 to 3,000 
gaUona/minute. In a preferred emlMMliment. the tubular inember is expanded 
beginning at an upper portion of the tubular member. Inapreferred 

25 embodiment, the method further indudea sealing the interface between the 
preexisting structure and the tubular member at both ends of the tubular 
member. 

An apparatus for radially expanding a tubular member has also been described 
that includes a flrat tubular member, a second tubular member coupled to the 
30 first tubular member, a third tubular memb« coupled to the second tubular 
member, and a mandrel positioned within the second tubular member and 
coupled to an end portion of the third tubular member. In a preferred 
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embodiment^ the mandrel includes a fluid passage having an inlet adapted to 
receive fluidstop meniber. In a preferred embodiment^ the sq)paratus further 
indudes one or more slips coupled to the exterior surface of the third tubular 
member. In a preferred embodiment^ the mandrel includes a conical surface. 
5 In a preferred embodiment» the angle of attack of the conical surface ranges 
from about 10 to 30 degrees. In a preferred embodiment, the conical surface 
has a surface hardness ranging firom about 58 to 62 Rockwell C. Inapreferred 
embodiment^ the average inside diameter of the second tubular member is 
greater than the average inside diameter of the third tubular member. 

10 An apparatus has also been described that indudes a tubular monber, a 
piston adapted to expand the diameter of the tubular member positioned within 
the tubular member, the piston induding a passage for conveying fluids out of 
the tubular member. In a preferred embodiment^ the piston indudes a conical 
surface. In a pcelemd embodiment, the angle of attack of the conical surface 

15 ranges firom about 10 to 30 degrees. In a preferred embodiment, the conical 
surface has a surface hardness ranging firom about 58 to 62 Rockwell C. In a 
preferred embodimmt, the tubular member indudes one or more sealing 
.members coupled to the exterior surface of the tubular member. 

A wellbore casing has also been described that indudes a first tubular 

20 member and a second tubular member coupled to the first tubular member. 
The second tubular member is coupled to the first tubular memijer by the 
process of: positioning the second tubular member in an overlapping 
relationship to the first tubular member, placing a mandrel within the second 
tubular memb^, pressurizing an interior region within the second tubular 

25 member, and displacing the mandrel with respect to the second tubular 

member. In a preferred embodiment, the pressurizing is provided at operating 
pressiu-es ranging firom about 0 to 9,000 psi. In a preferred embodiment, the 
pressurizing is provided at flow rates ranging firom about 0 to 3,000 
gallons/minute. 

30 An ai^mratua has also been described that indudes a preexisting 

structure and a tubular member coufded to the preexisting structure. The 
tubular memb^ is coupled to the preexisting structure by the process of: 
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podtioiiing the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 
pressiuizing an interior region within the tubular member, and displacing the 
mandrel with respect to the tubular member* In a preferred embodiment, the 
5 pressurizing is provided at operating pressures ranging fixim about 0 to 9,000 
psi. In a prefored embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallons/minute. 

An apparatus has also been described that includes a preezisting 
structure having a defective portion and a tubular member coupled to the 
10 drfective portion of the preexisting structure. The tubular member is coupled 
to the defective portion of the preexisting structure by the process of: 
positioning the tubular member in an overlapping relationship to the defect in 
the preexisting structure, placing a mandrel within the tubular member, 
pressurizing an interior region witiiin the tubular member, and displacing the 

15 mandrel with respect to the tubular member. In a preferred embodiment, the 
pressurizing is provided at operating presstires ranging from about 0 to 9,000 
psi. In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallons/minute. In a preferred embodiment, the 
apparatus further includes sealing the interface between the preexisting 

20 structure and the tubular member at both ends of the tiibular member. 

An apparatus also has been described that includes a first tubular 
member, a second tubular member, and a threaded connection for coupling the 
first tubular mraiber to the second tubular member. The threaded connection 
includes one or more sealing members for sealing the interface between the first 

25 and second tubular members. In a preferred embodiment^ the threaded 
connection oonqpriaeB a pin and box threaded connection. In a preferred 
embodiment, the sealing members are positioned acyaoent to an end portion of 
the threaded connection. In a preferred embodiment, one of the sealing 
members is positioned adjacent to an end portion of the threaded connection; 

30 and wherein another one of the sealing members is not positioned adjacent to 
an end portion of the threaded connection. In a preferred embodiment, a 
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plurality of the sealing members are positioned adjacent to an end portion of 
the threaded connection. 

An apparatus also has been described that indudes a tubular assembly 
havingafirsttubular member, a second tubular member, andatbeaded 
5 connection for coupling the first tubular membo* to the second tubular 
member. The threaded connection indudes one or more sealing members for 
sealing the interface between the first and second tubular membm. The 
tubular assembly is formed by the process of radially expanding the tubular 
assembly. In a preferred onbodiment, the threaded connection comi^ises a pin 
10 and box threaded connection. In apreferred embodiment^ the sealing members 
are positioned acliacent to an end portion of the threaded connection. In a 
preferred embodiment, one of the sealing m&aabm is positioned adjacent to an 
end portion of the threaded connection; and whoein another one of the sealing 
members is not positioned a4jacent to an end portion of the <hr*^dwi 
15 connection. In a preferred embodiment, a plurality of the sealing members are 
positioned ac^acent to an end portion of the threaded connection. 

An apparatus also has been described that indudes a tubular member 
and a mandrel positioned within the tubular monber induding a conical 
surface have an an^e of attack ranging from about 10 to 30 degrees. In a 
20 preferred embodiment, the tubular member indudes a first tubular member, a 
second tubular member, and a threaded connection for coupling the first 
tubular m^nber to the second tubular member. The threaded connection 
indudes one or more sealing monbers for sealing the interface between the first 
and second tubular members. In a preferred embodiment, the threaded 
25 connection comprises a pin and box threaded connection. Inaprefmed 
embodiment, the sealing members are positioned a4|acent to an end portion of 
the threaded connection. In a preferred embodiment, one of the sealing 
members is positioned adjacrat to an end portion of the threaded connection; 
and wherdn another one of the sealing members is not positioned a4jao»t to 
30 an end portion of the threaded connection. In a prefored embodiment, a 
plurality of the sealing members are positioned acQacent to an end portion of 
the threaded connection. 

-280. 

SUBSTITUTE SHEET (RULE 26) 



wo 00r77431 



PCT/IL00/0024S 



Although iUustrative embodiments of the invention have been shown and 
described, a. wide range of modification, changes and substitutaon is 
contemplated in the forcing disclosure. In some instances, some features of 
the present invention may be enqdoyed without a corresponding use of the 
5 other features. Accordingly, it is appropriate that the app«ided claims be 
construed broadly and in a manner consistent with the scope of the invention. 
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CLAIMS: 



1 1. A method of creating a casing in a borehole located in a subt^^ 

2 formation, conqiriaing: 

3 }pgf.ailmg a tubtdar liner and a mandrd in the borehole; 

4 injecting fliiidic matmial into the borehole 

5 pressurizing a portion of an interior region of the tubular liner; and 

6 radially expanding at least a portion of the liner in the bordiole by 

7 extruding at least a portion of the liner off of the mandrd. 

1 2. An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe including a third fluid 

7 passage; 

8 wherein the first, second and third fluid passages are operably coupled. 

13. A method of joining a second tubular member to a first tubular member. 

2 the first tubular member having an inner diameter greater than an outer 

3 diameter of the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the interior region of the second tubular 

7 member, and 

8 extruding at least a pordon of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

14. A tubular liner, comprising: 

2 an annn|<^r member, the annular member including: 
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3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief passages at an end portion of the 

6 anntJar member. 

15. A wellbore casing, con^nrising: 

2 a tubular liner, the tubular liner formed by the ptocess of: 

3 extruding the tubular lino- off of a mandrd; and 

4 an annular bo^y of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 6. A tie-bade liner for lining an eristing wellbore casing, co^ 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a mandrel; 

4 and 

5 an annular bocty of a cured fluidic sealing material coupled to the tubular 

6 liner. 

1 7. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage ; 

5 an intmor portioii; and 

6 an exterior portion; 

7 wh«ein the interior portiou of the mandrel is drillable; 

8 an expandable tubular membar coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

* fluid passage operably coupled to the second fluid passage; 
an intmor portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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14 8. A wellhead, comprising: 

15 an outer casing; ancj . 

16 a plurality of substantially concentric and overleaping inner casings 

17 coupled to the outer casing; 

18 wherein each inner casing is supported by contact pressure between an 
^9 outer surface of the inner casing and an inner sinface of the outer 
20 casing. 

1 9. A wdlhead, comprising: 

2 an onto- casing at least partiaUy positioned within a wellbore; and 

3 a plurality of substantially concentric inner casings coupled to the 

4 interior surface of the outer casing by the process of expanding 

5 one or more of the inner casings into contact with at least a 

6 portion of the interior surface of the outer casing. 

1 10. A method of forming a wellhead, comprising: 

2 drilling a Mrellbore; 

3 positioning an outer casing at least partially within an upper portion of 

4 the wellbore; 

5 positioning a first tubular member within the outer casing; 

6 expanding at least a portion of the first tubular member into contact 

7 with an interior surface ofthe outer casing; 

8 positioning a second tubular member within the outer casing and the 

9 first tubular memlm*; and 

10 eq>anding at least a portion of the second tubular member into contact 

l^l- with an interior portion of the outer casing. 

111. An apparatus, comprising: 

2 an outer tubular member; and 

3 a plurality of substantially concentric and overlapping inner tubular 

4 members coupled to the outer tubular member; 
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5 wherein each inner tubular member is supported by contact pressure 

6 between an out^r. surface of the inner casing and an inner surface 

7 of the outer inner tubular member. 

1 12. An s^paratUB, comprising: 

2 an outer tubular m^nber, and 

3 a plurality of substantially concentric inner tubular membm coupled to 

4 the interior sur&ce of the outer tubular member by the process of 

5 expanding one or more of the inner tubular members into contact 

6 with at least a portion of the interior siurface of the outer tubular 

7 member. 

1 13. A wellbore casing, comprising: 

2 a first tubular member; and 

3 a second tubular member coupled to the first tubular member in an 

4 overlapping relationship; 

5 wherein the inner diameter of the first tubular member is substantially 

6 equal to the izmer diameter of the second tubular member. 

1 14. A wellbore casing, comprising: 

2 a tubular member including at least one thin wall section and a thick 

3 wall section; and 

4 a compressible annular member coupled to each thin wall section. 

1 IS. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 supporting a tubular liner and a mandrel in the borehole using a support 

4 member, 

5 injecting fluidic material into the borehole; 

6 pressurizing an interior region of the mandrel; 

7 displacing a.portion of the mandrel relative to the support member; and 

8 radially expanding the tubular liner. 
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1 16. A wellbore casing, comprising: 



.2 a firat tubular membtt having a fizst inside diameter; 

3 a second tubular member having a second inside diameter substantially 

4 equal to the first inside diameter coupled to the firsttubidar 

5 member in an overlapping relationship; 

6 wherein the first and second tubular members are coupled by the process 

7 of deforming a portion of the second tubular member into contact 

8 with a portion of the first tubular member. 

1 17. An apparatus for expanding a tubular member, comprising: 

2 a support member including a fluid passage; 

3 a mandrel movably coupled to the support memb^ including an 

4 expansion cone; 

5 at least one pressure chamber defined fay and positioned between the 

6 support member and mandrel fluidicly coupled to the first fluid 

7 passage; and 

8 one or more releasable supports coupled to the support membo: edited 

9 to support the tubular member. 

1 18. An apparatus, comprising: 

2 one or more solid tubular members, each solid tubular member including 

3 one or. more external seals; 

. 4 one or more slotted tubular members coupled to the solid tubular 

5 members; and 

6 a shoe coupled to one of the slatted tabular membov. 

1 19. A method ofjoining a second tubular member to a first tubular member, 

2 the first tubular monber having an inner diameter greater than an outer 

3 diameter of the second tubular member, comi^ising: 

4 poaitioning a mandrel within an interior region of the second tubular 

5 member;' 

6 pressurizing a portion of the interior region of the mandrel; 
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7 displacing the mandrel relative to the second tubular memben and 

8 extruding at lea^t a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

1 20. An apparatus, comprising: 

2 one or more primary solid tubulars, each primary solid tubular induding 

3 one or more external gtinnfm ' seals; 

4 n slotted tubulars coupled to the primary solid tubulars; 

6 n-1 intmnediate solid tubulars coupled to and interleaved among the 

6 slotted tubulars, each intermediate solid tubular induding one or 

7 more external annular seals; and 

8 a shoe coupled to one of the slotted tubulars. 

1 21. Amediodof isolating a jSrstsubtOTanean zone from a second 

2 subterranean zone in a wellbore, comprising: 

3 positioning one or more primary solid tubulars wititun the wellbore, the 

4 primary solid tubulars travaraing the first subterranean zone; 

5 positioning one or more slotted tubulars within the wellbore, the slotted 

6 tubulars traversing the second subterranean zone; 

7 fluididy coupling the slotted tubulars and the solid tubulars; and 

8 preventing the passage of fluids from the first subterranean zone to the 

9 second subterranean zone within the wellbore extmial to the solid 
10 and slotted tubulars. 

1 22. A method of extractiiigmataials from a prochidng subterranean zone in 

2 a wellbore, at least a portion of the wellbore induding a casing, comprising; 

3 positioning one or more immary solid tubulars within the wellbore; 

4 fluididy coupling the primary solid tubulars with the casing; 

5 positioning one or more slotted tubulars within the wellbore, the slotted 

6 tubulars traversing the producing subterranean zone; 

7 fluididy coupliiig the slotted tubulars with the solid tubulars; 
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S fluididy isolating the producing subterranean zone from at least one 
9 other subterragiean zone within the wellbore; and 

10 fluididy coupling at least one of the slotted tubulars from the produdng 

11 subterranean zone, 

1 23. Aniethodof creating a casing in a borehole while also drilling the 

2 borehole, comprising: 

3 inafailKng a tubular Uner, a mandrel, and a drilling assembly in the 

4 borehole; 

5 injecting fltddic material within the tubular liner, mandrd and drilling 

6 assembly; 

7 radially expanding at least a portion of the tubular liner; and 

8 drilling the bordole using the drilling assemb^. 

' 1 24. An apparatus, comprising: 

2 a support member, the support member induding a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel induding: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe including a third fluid 

7 passage; and 

8 a drilling assembly coupled to the shoe; 

9 wherein the firsts siaoond and third fluid passages and the drilling 
10 assembly are oporably coupled. 

1 25. A method of forming an underground pipeline within an underground 

2 tunnel induding at least a first tubular member and a second tubular member, 

3 the first tubular member having an ixmer diameter greater than an outer 

4 diameter of the second tubular member, comprising: 

5 positioning the first tubulsr member within the tunnel; . 

6 positioning the second tubular member within the tunnel in an 

7 overlapping relationship with the first tubular member; 
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8 posittoning a mandrel and a drilling assembly within an interior region of 

9 the second tubular member; 

10 injecting a fluidic material within the mandrel, drilling assembly and the 

11 second tubular monber; 

12 extruding at least a portion of the second tubular member off of the 

13 mandrel into engagement with the first tubular member; and 

14 drilling the tunnel. 

1 26. An apparatus, comprising: 

2 a wellbore» the wellbore formed by the process of drilling the wellbore; 

3 and 

4 a tubular liner positioned within the wellbore, the tubular liner formed 

5 by the process of extruding the tubular liner off of a mandrel while 

6 drilling the wellbore. 

1 27. A method of expanding a tubular member, comprising: 

2 placing a mandrel within the tubular member; 

3 pressurizing an annular region within the tubular member, and 

4 displacing the mandrel with respect to the tubular member. 

1 28. A method of coupling a tubular member to pr^zisting structure, 

2 conqaising: 

3 positioning the tubular member in an overlapping relationship tto the 

4 preexisting structure; 

5 placing a mandrel within the tubular member; 

6 pressurizing an annular region within the tubular member, and 

7 displadng the mandrel with respect to the tubular member. 

1 29. A method of repairing a defect in a preexisting structure using a tubular 

2 member, comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 defect in the preexisting structure; 
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5 placing a mandrel within the tubular member; 

6 pressurizing an annular region within the tubular member; and 

7 displacing the mandrel with respect to the tubular memb^. 

1 30, An apparatus for radially expanding a tubular member, comprising: 

2 a first tubular member, 

3 a second tubular member positioned within the first tubular member, 

4 a third tubular member movabty coupled to and positioned wi thin the 

5 second tubular member; 

6 a first annular sealing member for sealing an int^ace between the first 

7 and second tubular members; 

8 a second annular seaUng member for sealing an interface between the 

9 second and third tubular members; and 

10 a mandrel positioned within the first tubular member and coupled to an 

11 end of the third tubular memba. 

1 31. An apparatus, comprising: 

2 a tubular member; 

3 a piston adapted to expand the diameter of the tubular member 

4 positioned within the tubular member, tfaie piston including a 

5 passage for oonvciying fluids out of the tubular member; and 

6 an annular chamber defined by the piston and tubular m^nber. 

1 32. A wellbore casing comprising: 

2 a first tubular momber, and 

3 a second tubular member coupled to the first tubular member by the 

4 process of: 

5 positioning the second tubular member in an overiapping 

6 relationship to the first tubular membs 

7 placing a mandrel within the second tubular monber; 

8 pressurizing an annular region within the second tubtitar member; 

9 and 

-290- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



10 displacing the mandrel with respect to the second tubular 

11 member. 

12 33. An apparatus, comprising: 

13 a preexisting structure; and 

14 a tubular member coupled to the preexisting structure by the process of: 
1^ positioning the tubular member in an overlapping relationship to 

16 the preexisting structure; 

17 placing a mandrel within the tubular memben 

18 pressurizing an annular r^on within the tubular memb^; and 

19 displacing the mandrel with respect to the tubular member. 

1 34. An apparatus, comprising: 

2 a preexisting structure having a defective portion; and 

3 a tubular member coupled to the defective portion of the preexisting 

4 structure by the process of: 

5 positioning the tubular member in an overlapping relationship to 

6 the defect in the preexisting structure; 

7 placing a mandrel within the tubular member; 

8 pressurizing an annular region within the tubular member, and 

9 displacing the mandrel with respect to the tubular member. 



1 35. Amethodof expanding a tubular member, comprising: 

2 placing a mandrel within the tubular member; 

3 pressurizing a region within the tubtilar member; and 

4 displacing the mandrel with respect to the tubular member. 

1 36. Amethodof coupling a tubular member to preexisting structure, 

2 comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 preexisting structure; 

0 placing a mandrel within the tubular member; 
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6 pressurizing aa interior region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 37. A meUiod of repairing a defect in a preexisting structure using a tubular 

2 member, comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 defect in the preesdsting structure; 

5 placing a mandrel within the tubular member; 

6 pressinizing an interior region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 38. An apparatus for radially expanding a tubular member, comprising: 

2 a first tubular membw; 

3 a second tubular member coupled to the first tubular member; 

4 a third tubular memba coupled to the second tubular member; and 

5 a mandrel positioned within the second tubular member and coupled to 

6 an end portion of the third tubular member. 

1 39. An apparatus, comprising: 

2 a tubular member; 

3 a piston ada p ted to expand the diameter of the tubular membv 

4 positioned within the tubular member, the piston including a 

5 passage for conveying fluids out of the tubular mosber. 

1 40. A wellbore casing, comprising: 

2 a first tubular member; and 

3 a second tubular member coupled to the first tubular membw by the 

4 process of: 

5 positioning the second tubular member in an overlapping 

6 relationship to the first tubular member 

7 placing a mandrel within the second tubular member; 
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8 pressurizing an interior legion wiUiia the second tubular 

9 and 

10 displacing the mandrel vrith respect to the second tubtilar 

11 member. 

1 41. An apparatus, comprising: 

2 a preexisting structure; and 

3 a tubular member odupled to the preexisting structure by the process of: 

4 poaitioning the tubular member in an overlapping relationship to 

5 the preexisting structure; 

6 placing a mandrel within the tubular member; 

7 pressurizing an interior region within the tubular member; and 

8 displacing the mandrel with respect to the tubular member. 

1 42. An apparatus, comprising: 

2 a preexisting structure having a defective portion; and 

3 a tubular member coupled to the defective portion of the preexisting 

4 structure by the process of: 

5 positioning the tubular member in an overlapping relationship to 

6 the defect in the preexisting sttuctiire; 

7 placing a mandrel within the tubular member; 

8 pressurizing an interior region within the tubular member, and 

9 displacing the mandrel with respect to the tubular member. 

1 43. An apparatus, comprising: 

2 a first tubular member, 

3 a second tubular member, and 

4 a threaded connection for coupling tiie first tubular member to the 

5 second tubular membo*, the threaded connection including: 

6 one or more sealing members for sealing the interface between the 

7 first and second tubular members. 
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1 44. The apparatus of claim 43, wherein the threaded connection comprises a 

2 pin and box threaded connectioi^. . 

1 45. The apparatus of daim 43, wherein the sealing members are positioned 

2 adjacent to an end portion of the threaded connection. 

1 46. Theapparatusof claim 43, wherein one of the sealing members is 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned ai^acent to an end portion 

4 of the threaded connection* 

1 47. The apparatus of daim 43, wherein a plurality of the sealing members 

2 are positioned adtjaoent to an end portion of the threaded connection. 



1 48. An ^)paratus» oompiising: 

2 a tubular assembly induding: 

3 a first tubular member; 

4 a second tubular member; and 

5 a threaded connection for coupling the first tubular member to the 

6 second tubular member, the threaded connection induding: 

7 one or more sealing members for sealing the interface 

8 between the first and second tubidar members; 

9 herein the tubular assembly is formed by the process of radially 
10 expanding the tubular ass^nbly. 

1 49. The i^paratua of daim 48, wherdn the threaded connection comprises a 

2 pin and box threaded connection. 

1 50. The apparatus of daim 48, wherein the sealing members are positioned 



2 adjacmt to an end portion of the threaded connection. 
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1 51. The apparatus of claim 48, wherein one of the sealing mexnbm is 

2 positioned adjacent to an end pprtion of tbe_ threaded connection; and wherein 

3 anoth^ one of the sealing members is not positioned adjacent to an end portion 

4 of the threaded connection. 

1 52. The apparatus of claim 48, wherein a (duraliiy of the sealing members 

2 are positioned a4jacent to an end portion of the threaded connection. 



1 53. An apparatus, comprising: 

2 a tubular member; and 

3 a mandrel positioned within the tubular menaber including a conical 

4 surface have an angle of attack ranging from about 10 to 30 

5 degrees. 

1 54. Theiq>paratusofclaim53, wherein the tubular member includes: 

2 a first tubular member, 

3 a second tubular member, and 

4 a threaded connection for coupling the first tubular member to the 

5 second tubular member, the threaded connection including: 

6 one or more sealing members for sealing the interface between the 

7 first and second tubular members. 

1 55. The apparatus of daim 53, wherein the threaded connection comprises a 

2 pin and box threaded connection. 

1 56. The apparatus of claim 53, wherein the sealing menibers are positioned 



2 adjacent to an end portion of the threaded connection. 

1 57. The apparatus of claim 53, v^erdn one of the sealing members is 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned adQacent to an end portion 

4 of the threaded connection. 
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1 58. The apparatus of claim 53, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded connection. 
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